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INTRODUCTION 
The four most abundant elements in plant tissue are 
carbon, hydrogen, oxygen and nitrogen. Under normal con­
ditions the plant has an adequate supply of carbon dioxide, 
oxygen and water. Nitrogen, however, exists in the air as 
elemental N immediately unavailable to plants. 
It has been estimated by Donald (i960) that 10^  tons of 
N are fixed annually by symbiotic organisms. The more specific 
estimate in the case of soybeans (Glycine max L.) being that 
they fix 120 pounds of N per acre (Weber, 1966b), 
A sizeable deficit is indicated by Weber (1966a, 1966b) 
when comparing N fixed to N utilized. Better understanding 
of this phenomenon is significant in that it possibly could 
lead to specific production oriented research and ultimately 
economically realistic yield increases. Primary research re­
ported in this thesis was involved in attempting to effi­
ciently supplement the indicated N deficit. Data were 
collected in I969 and 1970. 
Two additional studies were conducted in 1970. The major 
objective of these experiments was to alter sink locations and 
subsequently increase dry matter distribution to seed. This 
was considered feasible and desirable due to the fact that 
such a large proportion of soybean flowers abort (approximately 
73^ )• An experiment was conducted in which the photoperiod 
was altered to delay flowering until the plant was larger 
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than usual at floral initiation. It was hypothesized that 
"by increasing the potential of the plant to provide utiliz-
a'ole substrate, for energy release and growth, that flower 
abortion could be greatly reduced. This reduction in flower 
abortion could then lead to increased sink capacity. Addi­
tional information reported herein relates to the effects of 
benzyl adenine application, removal of shoot apices and root 
pruning in terms of certain aspects of soybean development 
and yield. 
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LITERATURE REVIEW 
Is the observation by Spurrier (1970), that high yields 
in soybeans nearly always follow corn heavily fertilized 
with nitrogen, explainable on the basis of nitrogen nutri­
tion? To put it more simply, will soybeans respond to nitro­
gen fertilization? An appreciation of this seemingly in­
tangible relationship between symbiotic nitrogen fixation 
and nitrogen fertilization can be understood only after in­
tegration of as many factors as possible related to an/or 
responsible for nitrogen fixation in legumes in general and 
more specifically with soybeans. Whether the relationship 
between legumes and Shizobia is completely symbiotic or the 
bacteria is viewed as a facultative parasite with symbiotic 
benefits for the legume is purely academic. 
The nitrogen needs of a soybean plant can be met by 
supplemental combined nitrogen, or reduction of gaseous 
nitrogen in a nodulated plant, Weber (1966b) raises the 
question as to which form of nitrogen, nitrate or gaseous, 
requires the least amount of net energy to effectively supply 
the nitrogen needs of the plant. Observations by Back et al. 
(1958) that addition of sucrose to excised nodules increased 
the amount of nitrogen fixed due to enhancement of the 
system, indicates a definite nodule drain on net energy, 
otherwise available for storage by the plant, Gibson (I966), 
working with sub-clover, reports that the energy requirement 
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for symbiotic fixation Is at least equal to and perhaps greater 
than the energy requirement for nitrate reduction. Carbohy­
drate consumption was observed as being especially high in nod­
ulated compared to non-nodulated plants during nodule develop­
ment. Small and Leonard (I969) found that supplying combined 
nitrogen decreased the proportion of photosynthate translocated 
to nodules with a corresponding increase in the proportion go­
ing to the roots. This shift in proportioning possibly is in 
response to nitrate uptake by the root system and subsequent 
reduction. The fact that more root growth was observed lends 
support to Gibson's (I966) data, Pahraeus and Junggren (I968) 
did report that whereas the source of nitrogen would influence 
the amount of energy used, in the case of red clover, the 
source of nitrogen did not significantly alter the amino acid 
content. Although the initial metabolic pathways may differ, 
the ultimate utilization of nitrogen by legumes would appear 
to be basically the same and independent of source. 
It is not known to what degree or relative quantity amino 
acids are synthesized in the nodules of symbiotic organisms, 
but appearance of certain amino acids is fairly well documented. 
Nicholas (1958) reported that glutamic acid was the first amino 
acid of measureable quantity formed in nodules. In pea plants, 
Roponen (1970) found that the most prominent amino acid was 
asparagine, comprising of the amino acids in nodules. Pate 
and Wallace (1964), also working with peas, reported a reduc­
tion in the amounts of asparagine and glutamine in plants 
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using combined nitrogen when compared to nodulated plants. 
Amide fractions were not the same percentagewise indicating 
different initial nitrogen utilization systems, dependent 
upon nitrogen source. 
Nitrogen accumulation in soybeans very closely approxi­
mates total dry matter accumulation (Hanway and Thompson, 1967). 
Erdaan and Means (1952) established a correlation between the 
total dry matter yield of 393 legumes and total nitrogen re­
covered by analysis. In the early stages of soybean develop­
ment, all available nitrogen is utilized in growth with 
accumulation of excess nitrogen commencing in soybeans at a 
time when inhibition of stem elongation begins (Mumeek, 1937)» 
Investigation by Lathwell and Svans (1958) led to the conclusion 
that the accumulated N was not present in high enough quan­
tities to meet the tremendous needs of the soybean plant for 
nitrogen during bean filling. It is interesting to note that 
at 20 days of age the soybeans studied by Mumeek (1937) con­
tained the following proportion of total nitrogen in the 
nitrate form; leaves 1^ , stems 2.3^  and cotyledons 2.3^  
these values decreasing as the age of the plant and nitrogen 
needs increased. It should not be overlooked that nitrogen 
movement from the leaves could be a function of sink demands. 
There apparently is not only a presence of nitrates in 
soybeans but evidence of a functional presence early in the 
life of the soybean. Hawks (1957) reiterated the findings of 
Lathwell and Svans (1951), namely, that the soybean plants 
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studied were unable to accumulate enough nitrogen early to 
maximize yields. Togari et al, (1955) conducted experiments 
on nitrogen accumulation in plants from which he concluded 
that leaves play an important role in the accumulation of 
nitrogen and ultimate transfer to the seed. If nitrogen is 
limiting during seed filling perhaps the amount of nitrate 
accumulated in leaves prior to seed filling could be a 
limiting factor in yield increases. 
As far as the nitrogen present in soybean leaves is con­
cerned, there is an inconsistency in recorded amounts. Erd-
man and Means (1929)» Mumeek (1937) and Hawks (1957) present 
figures ranging from 3.5 to 6,5 for the percent nitrogen in 
leaves. These values could conceivably vary with age and sup­
plemental nitrogen nutrition of the plant. This inconsistency 
is most likely a function of experimental procedure and other 
environmental phenomena. 
Initial nitrogen nutrition in legumes must necessarily in­
clude or involve cotyledons. McAlister and Korber (1951) while 
investigating the role cotyledons play in early development 
found that removing soybean cotyledons four days after emergence 
had no effect on subsequent development of the plant, Hanway 
and Thompson (I967) state that loss of both cotyledons soon af­
ter emergence will reduce yields 8 to 9^ » McAlister and Korber 
(1951) further noted that soybean cotyledons lose 70^  of their 
dry weight during the first two weeks of growth, plus the fact 
that proteins were slow to move out of the cotyledons. Removal 
7 
of the cotyledons at 2 days after emergence did lower the 
overall height of the soybean plant. This effect was noticed 
3 months after initiation of the treatment. Takeshima (1952b) 
also was able to record effects of early cotyledon removal. 
Not only was the growth of tops and roots restricted but also 
reduced development of pods was observed as well as position 
of the lowest branch. I believe Yoshihara and Kawanshee (195^ ) 
described the problem very adequately by stating that there is 
a time when neither cotyledons nor nodules adequately meet the 
nitrogen needs of the soybean plant. During the 2-week period 
from nodule appearance to active fixation soybeans must neces­
sarily obtain needed nitrogen from cotyledons or the soil sup­
ply, This observation establishes at least one time of possi­
ble N deficiency in soybeans (Bergeson, 1958; Yoshihara and 
Kawanshee, 1956; and McAlister and Korber, 1951)» 
Nodule initiation in legumes begins with proper juxta­
position between Ehlzobia and root hairs of plants capable of 
developing nodules» Rhizobia movement proceeds down a root 
hair into the cortical cells of the soybean within an infection 
thread of host plant tissue (Salisbury and Ross, I968), Growth 
of the infection thread proceeds inward to the cortex where 
rapid cell division coincides with growth and development of 
a nodule, which may be capable of nitrogen fixation. 
The nodule is composed of four distinct zones (Date, 
1970), They are an outer cortical layer, meristematic area, 
vascular tissue, and a zone of bacteroids. The significance 
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of the "bacterolds being that these transformed "bacterial forms 
are the site of nitrogen fixation (Nutman and Mosse, 1963; 
Bergeson, I96O; and Stewart, I966), The bacterolds are in 
direct association with leghemoglobin (Bergeson, I96O; Stewart, 
1966). The role of leghemoglobin in nitrogen fixation has not 
been clearly defined to the degree where there is complete 
acceptance of any one process indicated (Stewart, I966; Berge­
son, 1962,1969; Gibson (personal communication^  Virtanen et al,, 
19^ 7; 1955; Koch et al., 196?; and Salisbury and Ross, I968), 
The presence of leghemoglobin is unique to symbiotic nitrogen 
fixing systems. 
Appearance of leghemoglobin within the nodule parallels 
very closely the appearance of bacteroid cells (Kamata,. I963 
and Nutman and Mosse, 1963)» These bacterial forms (bacterolds) 
are characterized by fragmentation of chromatin enlarged peri­
nuclear region and prominent development of respiratory 
mitochondria. Although Incapable of reproduction, these 
"bacteroid forms are essential for fixation (Nutman and Mosse, 
1963). Before attempting to establish direct relationships 
between leghemoglobin and nitrogen fixing capacities, it is 
necessary to present certain specifics as to postulated roles 
of leghemoglobin. The suggestion that leghemoglobin may be 
Involved in electron transport (Salisbury and Ross, 1968) is 
compatible with the findings of Virtanen, 1953; Bergeson, 
1969 ; and Stewart, 1966; however, substantive proof of this 
Involvement is not available. 
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An evaluation of the involvement of leghemoglobin (Berge-
son and Turner, I968; Gibson, personal communication; Bonner 
and Vamer, 1965; Bergeson, I96O; Virtanen, 1953; Koch et al., 
190?; Nutman and Mosse, 1963; and Stewart, I966) leads me to 
the conclusion that leghemoglobin plays the role of a control 
mechanism providing oxygen for respiration and at the same time 
preventing nitrogenase destruction within the symbiotic system. 
Free oxygen and carbon monoxide inactivate the system in sub-
clover (Bergeson and Turner, I968) by acting as a competitive 
inhibitor of nitrogen fixation. Reduction of acetylene has 
been shown to occur (Koch et al,, I967) in bacteroid prepara­
tions of soybeans after removal of leghemoglobin casting some 
doubt on the absolute essentiality of leghemoglobin for nitro­
gen fixation. It should be kept in mind in considerations of 
this nature that the appearance of ethylene may not be abso­
lutely indicative of the nitrogen fixing ability of the system 
being tested since this is but one step in a many-stepped 
process. 
Production of leghemoglobin, whereas approximating bacter­
oid appearance, is quantitatively influenced by certain en­
vironmental factors. Virtanen et al, (1955) reported that 
leghemoglobin is rapidly converted to a green bile pigment in 
the absence of light. By increasing light intensities, nitro­
gen fixation could be increased, which is compatible with pre­
viously stated requirements of an energy source for fixation. 
Equally interesting is the involvement of phytochrome 
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(Slronval, 1958) In nodule leghemoglobin synthesis. In 
studies where the daylength was varied, soybeans exposed to 
eight hours of darkness produced higher levels of leghemo­
globin than those exposed to l6 hours of darkness. This was 
not viewed as a response to increased photosynthesis. Lie 
(1969) effectively reduced nodule formation and leghemoglobin 
synthesis by dark interruption of the light period, further 
verifying phytochrome involvement on nodulation. 
Dart and Mercer (I965) observed that the appearance of 
leghemoglobin was temperature sensitive in cowpeas. Low points 
in leghemoglobin concentration were observed at 21° and 31° C. 
Temperature effect upon nodulation could be mediated further 
by differences in amino acid excretion as reported by Eovira 
(1959)* The age of the plant (Eovira, 19^ 9) also was found 
to be associated with differences in amino acid excretion 
with more excretion recorded during the first than the second 
10 days of growth. It was interesting to note that the area 
of maximum exudation was also the area of maximum root hair 
activity. I feel it is conceivable then that the effect of 
temperature on nodulation and leghemoglobin synthesis could 
be mediated through root exudation or carbohydrate status of 
the plant both of which can affect Ehizobial environments, 
Virtanen et al, (19^ 7) were the first to publish the hy­
pothesis that the ability to fix nitrogen is correlated with 
the leghemoglobin content formed in nodules. This hypothesis 
is modified by Bergeson (i960), Nutman and Mosse (I963)» 
Stewart (I966) and Gibson {1968a). The general consensus of 
opinion is -chat the concentration, of leghemoglobin serves as 
an index of the volume of active tissue. Gibson (1968b) 
cautions, however, that when using ieghemoglobin as an indi­
cator of nitrogen fixing ability it may be meaningless unless 
the Shizobia strain used is consistent across all species. An 
observation based on his findings that different Hhizobla are 
associated with different Ieghemoglobin concentrations and 
•where actual nitrogen fixed may be the same over conditions 
when the only variation was due to the strain of Hhizobia. 
It has been reported by Virtanen (1955) that the fixation 
of nitrogen by %he pea plant stops at a time which coincides 
with cessation of flowering, Hallsworth (195S) acknowledged 
the same observations for alfalfa and vetch in conjunction 
with a proportionate decline in Ieghemoglobin concentration. 
Ham (unpublished data* I966) observed a decline in the 
Ieghemoglobin content of soybeans coincidental with the begin­
ning of bean filling. Kaggee and Burrls (195^ )^ report a de­
cline in nitrogen fixation with increasing age of the soybean 
plant which would be expected to be highly correlated with a de­
cline in Ieghemoglobin oxidation. Roponen and Virtanen (I968) 
recently observed the onset of Ieghemoglobin oxidation at a 
time when pods are forming with a subsequent reduction in 
nitrogen fixation. 
with these demands and apparent reduction of nitrogen 
fixation at such a disadvantageous time it is conceivable that 
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the fixation systems of soybeans cannot meet the needs of 
the soybean adequately throughout the growing season. This 
could account for the large yields observed on soybeans fol­
lowing com heavily fertilized with nitrogen in the year 
prior to bean production (Spurrier, 1970). 
Nitrogen Fixation and Nodule Formation 
as Affected by Applied and Available N 
In 195^ » Will lazes and Lynch identified a single recessive 
gene in Peking soybeans, which, when present in the homozygous 
state, is responsible for the absence of nodules. This made 
possible many of the studies on nitrogen nutrition to be sub­
sequently presented. Before that time, it was necessary to 
attempt to maintain sterile soil conditions to prevent un­
desirable nodulation. 
The main, question which needs to be answered is whether 
nodules supply only nitrogen to the plant. Weber's (1966b) 
data would indicate this is most likely the case. Under 
aerobic conditions the majority of available plant nitrogen 
in the soil exists in the nitrate form, a form which is detri­
mental to zhe development of nodules (Hilter, 19OO; Allison 
and Ludwigj 193^ ; Thimann, I936; Nutman, 1956; Stewart, I966; 
Virtanen, 1953; and Tanner and Anderson, I963). 
Allison and Ludwig (I934) found under conditions of re­
duced light that nitrate nitrogen was very effective in stop­
ping nodulation. As the plants developed over the summer. 
13 
ever increasing levels of nitrate were needed to effectively 
reduce nodxzlation. This led them to deduce that reduction 
of nitrate was consuming substrate which was needed for nod­
ule formation. Increases in nitrate led to not only reduced 
nodule numbers but diminished levels of reducing sugars as 
well. The actual involvement of nitrate appears to be some­
what more complicated however. 
The observation by Thimann (1936; 1939) that bacteria pro­
duce auxin, which stimulates cell division, was useful in one 
respect and yet wrong in the other. Secretion of tryptophan 
by the legume does lead to auxin production, but this auxin 
does not stimulate cell division. Kutman (1956) further sup­
ported the involvement of lAA in legume nodulation, which Stew­
art (1966) agrees with. It is not the intent of this review to 
present various alternative roles of lAA in nodulation but to 
relate the ability of nitrates to suppress successful nodule 
development. Tanner and Anderson (1964) reported that the 
effect of nitrate is mediated by the oxidation of nitrate to 
nitrite which then catalytically destroys lAA. Observations 
reported by Stewart (I966) and Dart and Wildon (1970) lend sup­
port to this involvement of nitrate. Stewart (I966) reports 
that when young clover seedlings are seeded alongside older 
clover, nodulation is earlier than when grown alone. This 
could be due to nitrate-removal from the growth medis. Dart 
and Wildon (1970) observed in cowpeas that combined nitrogen • 
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did not affect the number of secondary nodules formed as 
much as primary nodules. This again could be due to reduced 
nitrate levels in the soil at the time of secondary nodule 
development. 
There apparently is an effect of time of fertilizer appli­
cation on nodule formation and development. Thornton (1946) 
found that the addition of nitrogen at five weeks of age re­
duced nodule numbers over the control. Mishra and Singh (I968) 
in more recent data reported that the addition of nitrogen to 
soybeans as late as 80 days after planting caused a decrease 
in the number of nodules per plant. Dart and Wildon (1970) 
effectively inhibited nodulation with aerial application of 
nitrogen fertilizer to actively growing plants. Increasing 
levels of nitrogen and associated reduction in number of nod­
ules formed was well documented by Thornton (1946). Virtanen 
(1955) further reported that not only the level of N applied 
but also the form had a large effect on nodule development with 
ammonia being less inhibitory than nitrates. Schreven (1959) 
also showed reduction in nodule number by the addition of com­
bined nitrogen. He observed that the addition of urea was 
associated with a decrease in nodule numbers of 4-8^ , but size 
was increased. Dart and Mercer (I965) observed the same phe­
nomena for Vigna sinensis when using ammonium nitrate as a ni­
trogen source. However, he did not collect data relative to 
nodule mass. Stewart (I966), on the other hand,states that nod­
ule weight as a percentage of total plant weight decreased with 
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increased addition of combined nitrogen. This could have 
been a result of increased plant growth or decreased nodule 
formation. The efficiency of nodules formed in the presence 
of excess nitrogen is somewhat lower than nodules formed under 
more ideal conditions (Stewart, 1966)» Weber (1966b) recorded 
reductions in nodule n^ b^ers, weight and size in response to 
increasing levels of spring applied nitrogen. 
Norman and Krampitz (19-^ 5) were able to show that not all 
of the nitrogen present in soybeans came from fized nitrogen. 
They estimated zhat 2^ -30% of soybean nitrogen comes from 
fixation. Thornton (1946) showed that vhe proportion of 
nitrogen in the plant Lhat comes from fixation was a function 
of nitrogen added. Alios and Bartholomew (1959) observed that 
increased nirrogen ferûilizaûion decreased the percentage of 
nitrogen supplied to a plant by fixation while at the same 
time increasing -che total amount of nitrogen fixed* This was 
felt to be a result of stimulated growths This observed 
phenomenon held for annuals and not perennial legumes such as 
alfalfa» ¥eber (1966a) found that 40-?2^  of the nitrogen in 
the soybean was symbiotic in origin.; depending upon the 
nutrient status of the soil* Lathwell and Svans (1951) were 
unable to establish the origin of 6O-0O# of the total nitrogen 
in soybeans. It has been observed (Stewart, 1966} that up to 
±0-20% of all nitrogen fixed may be excreted by legume roots. 
The nitrogen uptake of a soybean plant remains rela­
tively constant from mid-July to mid-September displaying a 
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rather characteristic sigmoid response (Eanway and Thompson, 
1967), During this time, 90 pounds of nitrogen are accumulated 
in the beans. A rate of 2.25 pounds per acre per day. This 
figure is in general agreement with Hammond et al, (I95I) who 
estimated the rate of nitrogen accumulation at 2.6 pounds per 
acre per day over a similar period of time. An additional 
60 pounds of nitrogen is redistributed from stems, leaves, and 
pods to the bean during the time period of September to 
maturity. Estimates (Weber, 1966b) of nitrogen fixation of 
120 pounds per acre over an entire growing season indicate a 
potential requirement for supplemental nitrogen additions to 
adequately meet the needs of a soybean community. With 
total nitrogen per acre in a soybean plant equalling 220 
pounds per acre. Ignoring root and nodule requirements and 
assuming fixation estimates of 120 pounds per acre is accurate, 
combined nitrogen in the soil must be a critical factor in 
soybean production. 
The majority of the work reported relating nitrogen fer­
tilization to plant response has been done in the greenhouse 
az:d data taken on vegetative response by plants. Norman 
(19^ 3) did not observe an increase in straw yields of soybeans 
in response to nitrogen fertilization. Top and root yields in 
greenhouse grown soybeans were increased with the addition of 
supplemental nitrogen by Norman and Krampitz (19^ 5)» For 
forage production, or maximum vegetative growth, Yoshihara 
and Kawanshee (I956) obtained the greatest response by early 
addition of nitrogen providing further indications of a vege­
tative response of soybeans to supplemental nitrogen. Alios 
(1956) reported that tops respond more to early nitrogen ap­
plication than roots. Fixation apparently does not supply the 
nitrogen needed for Liaximim vegetative growth early in the 
development of zhe soybean plant. This phenomenon was also 
observed in other leguze plants (Alios and Bartholomew, 1959)* 
Mes (1959) "Kas able to alleviate growth reduction due to low 
soil temperatures and subsequent reduced nodule formation by 
adding supplemental nitrogen. The response was reflected in 
increased vegetative growth* Weber (1966a) also reports 
taller plants in response to nitrogen. Incorporai:ion before 
planting gave Neunylov and Slabko (i960) their highest re­
corded yields of total dry matterc Naples and Xeogh (I969) 
increased the vegetative growth of soybeans with 20 to 40 
pound additions as nitrogen in southern type plants. 
With the effect of nitrogen on vegetative response es-
tablishedj let us turn to the effect of nitrogen on flowering 
and pod developments That there is a quantitative relation­
ship between nitrogen removal from leaves and amounts of seeds 
produced in soybeans was first established by Kurneek (1937) 
in his classical paper on flowering 3ilo:-:l soybeans, rie 
found that the completeness of nitrogen removal from the 
vegetative organs depends upon the amount of seed produced. 
Increased utilization of nitrate in the plant are reported with 
increased age, Thornton (1946) further reported that a large 
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proportion of nitrogen applied at midseason is used in seed 
formation. A critical need for nitrogen at blooming was 
noticed "by Lathwell and Evans (1951)* Pods retained "by the 
plant were reported as a function of available nitrogen. The 
majority of nitrogen accumulated after Jiily 29 went to the 
pods. Hawks (1957) was able to closely correlate pod set to 
level of supplementary nitrogen applied. 
Maturity was not affected by supplemental nitrogen in 
studies by Weber (1966a). Pods apparently did not develop 
any faster due to supplemental nitrogen. Konno (I967) found 
that nitrogen deficiencies were more closely associated with 
higher rates of flower and pod shedding than deficiencies of 
phosphorus, potassium, and magnesium, Neunylov and Slabko 
(1968) observed that transport of symbiotically fixed nitrogen 
to pods was active on unfertilized plots only. An indication 
of either the lack of fixation or ability of supplemental 
combined nitrogen to inhibit nitrogen fixation. Effective 
reduction of pod formation and delay of flowering was obtained 
by Iwata and U.tada (I968) when nitrogen was withheld during 
the early stages of bean development. Buttery (1969a) found 
that the effect of hi-density planting and subsequent reduction 
on proportion of flowers forming mature pods was the opposite 
of the effect of N fertilizer in that increased bean weights 
were measured with the addition of nitrogen fertilizer, Be-
cently, Hashimoto and Yamamoto (1970b) used both nodulatlng and 
non-nodulating beans In studying the effect of nitrogen on pod 
19 
setting. Increased pod setting was found to "be the same for 
both nodulating and non-nodulatIng soybeans. The flowering 
period also was extended along with an increase in number of 
flowers. 
Ultiinately, consideration must be given to the effect of 
nitrogen on yield of beans. Vegetative growth and floral de­
velopment are all important at given stages in the life cycle 
of a plant but only as they affect, or are related to, the 
final yield of a plant. While there is much data indicating 
yield responses of soybeans to nitrogen fixation, to date, 
results have been lacking, despite indications that the nitro­
gen fixing system of soybeans is unable to meet the total 
nitrogen needs of the soybean plant. Soybeans planted in 
narrow rows on May 12 (Snglehom et al., 19^ 7) responded to a 
midseason application of ammonium sulfate over controls with 
and without straw incorporation ( to reduce soil nitrogen 
availability). This further indicates the apparent inability 
of nodules to provide all the nitrogen rneeded for even average 
yields. An attempt to increase yield of soybeans with sup­
plemental nitrogen was successfully completed by Norman (19^ 3)* 
While these two experiments were done in the field, this same 
phenomenon was observed by Norman and Krampitz (19^ 5) i^ i the 
greenhouse, Thornton (1946) got a yield response to midseason 
application of nitrogen which could only be equalled by dou­
bling the application at planting. The harvest index was 
effectively increased by this midseason application of 
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nitrogen. Nitrogen stress during bloom was reported by Lath-
well and Evans (1951) as being the period most critically re­
lated to yield reduction. Hawks (1957) further reports the 
inability of the soybean to accumulate enough nitrogen prior 
to pre-bloom to maximize yields. Mederski et al. (1958) re­
port delayed application of nitrogen was most effective in 
increasing soybean yields. Ohlrogge (I96O) states in his 
comprehensive review that the response of soybeans to nitrogen 
fertility was most inconsistent when applied shortly before 
planting. Weber (1966a) did not succeed in increasing yields 
or raising the level of non-nodulating soybean seed production 
to that of well nodulated beans. Ham (I967) observed in­
creased yields on soybeans with nitrogen applied at blossom 
over planting time. More recent work by Buttery (1969b) shows 
an Increase in bean weight as a result of nitrogen applied at 
planting. Maples and Keogh (I969), on the other hand, obtained 
no yield response to nitrogen fertility as did work by Smith 
et al. (1969)0 This work was done on determinate beans indi­
cating a possible relationship between sink competition and 
yield (vegetative vs flower sinks), Hashimoto and Yamamoto 
(1970b) increased yields with nitrogen fertilizer which was 
associated with the increase in pod numbers previously 
discussed. Hawks (1957) and pan (I967) both found pod numbers 
to be highly correlated with yield in soybeans. A combination 
of the consideration that pod increases and yield increases 
are noted as a response to nitrogen fertility leads to the 
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conclusion that nitrogen may be limiting in soybean produc­
tion, The problem will be in describing the phenomenon more 
definitively than has been done previously. Consistency of 
response cannot be obtained without more definitive data on a 
field work basis. This is the purpose of the portion of this 
thesis on nitrogen fertility in soybeans. 
The Effect of Delayed Flowering in Soybeans, 
a Short Day Plant (SDP) 
Reports of the effect of delaying flower expression in 
soybeans, on a field basis, are not readily available. Docu­
mentation of the SDP characteristic of soybeans Is excellently 
presented and investigated by Parker and Borthwick, 1939; 
Parker et al», 19^ 6; Parker et al,, 1949. Flowering was de­
layed by 16 hour photoperiods and associated with taller, more 
vegetatively active plants. Supplemental addition of infra­
red (710 um) light was observed to be very effective in in­
creasing the length of leaves, Takeshima (1952a) reports an 
acceleration in maturation with reduced temperatures and in­
duced conditions. This was associated with a reduction in 
flowering time. 
Differences in plant responses, under artificial day-
length conditions, could be associated with the influence of 
daylength on nodule formation as reported by Bonnier and 
Sironval (1956), Long days gave more nodules which would 
initially appear to be an effect of increased photosynthesis 
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and subsequent substrate availability. Sironval et al. 
(1957) also report increased leghemoglobin synthesis under 
long day conditions. This data and rationale is not com­
pletely compatible with work done by Lie (I969). He observed 
a phytochrome dependency in pea plants for nodule development, 
Sironval (1958) did report data that could be explained on the 
basis of Lie's (I969) findings. Long day plants had more 
nodules, even when only one leaf was maintained as a photo 
receptor. Kiyosawa and Kiyosawa (I962) report that 10 minute 
interruptions of the dark period gave an increase in the num­
ber of pods per plant. This could be a first step in in­
creasing yields, 
A Brief Study on the Effect of Hoot Pruning, 
Shoot Apex Removal and Kinetic Application 
on Soybean Yields 
Removal of the shoot apex has been shown to alter yields 
in soybeans (Greer and Anderson, 1965)• A yield response was 
noted when apices were removed at stage 4,8 vs 5.0 and 5*8. It 
is conceivable that this treatment could enhance floral devel­
opment by decreasing vegetative dominance. While this treat­
ment alone may have doubtful significance, concurrent treat­
ments which also have been shown to affect internal plant sinks 
could possibly lead to a combination of internal events capable 
of increasing seed yield0 Hoots certainly must be classified 
as sinks as are associated nodules of the plant in a legume « 
Assuming that a plant has only a given quantity of photo-
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synthate with which to meet its growth requirements, this 
must create competition within a plant for this photosynthate. 
The rationale is that if two areas of a plant are developing 
simultaneously there is most likely competition between sinks. 
This would be the case at Stage 3 with roots and flowers both 
developing. If nutrients are limiting during flowering, as 
suspected, it was felt that root pruning could be effectively 
used to reduce sink size and enhance flower development* This 
phenomenon could explain a yield increase observed by Eussell 
(1970), when soybean roots were pruned at Stage 2. 
The effect of benzyl adenine in delaying senescence and 
enhancing cell division is well documented by Leopold (1964). 
By spraying benzyl adenine on plants at Stage 4.5» to enhance 
cell division and possibly increased mobilization of photosyn-
thate to flowers, it was felt that flower abortion could be de­
creased. A further application at Stage 9 could possibly in­
crease the LAI days-'- of soybeans by delaying senescence. Ku-
laeva's (1962) data would, cast serious doubts as to the poten­
tial of the laûter treatment due to the overpowering effect of 
root kinetin over exogenously applied kinetin. lordanov (I969) 
noted that proteins and chlorophyll lost from leaves was de­
creased with exogenous kinetin additions. Jacoby and Dagan 
(1970) observed increases in the leaf area of bean plants 
L^eaf Area Index days. 
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resulting from klnetin applications and delayed leaf ab­
scission. This work was done very early in the life cycle of 
the plant, A combination of the factors presented could con­
ceivably be found which would give the as yet undescribed 
"optimum" photosynthetic distribution for maximum soybean 
seed production. This was the purpose of this study. 
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MATERIALS AND METHODS 
Experimental Sites and Fertility 
Experimental sites 
A total of four field experiments were conducted during 
the sianmer of I969 and 1970 at the Beech Avenue experimental 
area south of Ames, The soil is a Colo silty clay loam under­
lain with fine sand lenses. The fertility of the sites was 
low for nitrogen and medium for phosphorus and potassium with 
a soil pE in the range of 6,4 to 6.8, 
Fertilizer anrtlication 
Fertilizer applied was not uniform over all experimental 
sites. Experiment I received 0 kilograms of nitrogen (N), 
300 kilograms of potassium (K) and 100 kilograms of phosphorus 
(P) per hectare at plowdown in the spring. Experiment II re­
ceived only N as £ supplemental treatment in 1970. Experiment 
III received no fertilizer as treatments or broadcast. 
Weed control 
No chemical weed control was used on any experiment. Cul­
tivation and hand weeding were used exclusively. Experiment 
II was rotary hoed, primarily to break the crust and assist 
the beans in emerging. 
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Disease 
There were no noticeable effects of disease during the 
1970 cropping year. During I969, Experiment I was damaged by 
phytophthora root rot beginning in the second week of August. 
Damage was not extensive but was localized in about 15 (observ­
able) plots. 
Experimental procedure 
Varieties, plot size harvested, plant populations and 
planting dates are given in Table 1. 
Experiment I 
The treatments imposed in Experiment I are given in Table 
3. In 1969» the nitrogen treatment of 400 kg/ha plus 2,4-D 
and TIBA was imposed at Stages 3» 5 and ?. In 1970 this 
treatment was modified by applying 100 kg/ha of nitrogen at 
Stages 3» 5 and ? to that plot which would have been treated 
with 400 kg/ha at Stage 3 only. This left no treatments cor­
responding to 400 kg/ha plus 2,4-D and TIBA at Stages 5 and 7» 
A further modification is that in 1970 the higher rate of N 
was 300 kg/ha (Table 3). 
Measurements 
Lodging measurements were taken a.z harvest maturity. The 
following visual scale was used as a guide in ranking plots: 
0 = all plants upright; 5 = all plants were less than 45° from 
the horizontal. Plant height data was obtained by measuring 
Table 1, Varieties, plot size harvested, population and planting dates for 
Experiments I, II, III 
Year 
Plot size (meters) 
Iieng bh 
Width 
Planting date 
Variety 
Population a 
1969 
13,7 
2,3 
May 13 
Wayne 
Wayne 23 
1970 
11.0 
2,3  
May 18 
Calland 
Experiment 
Calland 23 
11 
1970 
18,7  
4 ,6  
May 19 
Calland 
Hark 
Harosoy 
Harosoy Dtg 
Calland 23 
Hark 32 
Harosoy 32 
Harosoy Dtg 32 
III 
1970 
21.0 
4,6 
May 19 
Wayne 
Hark 
Wayne 23 
Hark 32 
P^opulation t= plants per meter of row. 
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Table 2. Stage of nitrogen treatments and time of harvest -
Experiment I 
Nitrogen 
treatment time 
Date of 
harvest 
Days after 
treatment. 
1969 
Stage 3 7-24 11 
8-8 26 
Stage 5 8-8 9 
8-22 25 
Stage 7 8-22 4 
9-5 18 
1970 
Stage 3 7-13 7 
7-23 20 
8-3 30 
Stage 5 7-27 11 
8-6 31 
8-18 33 
Stage 7 8-19 2 
9-8 22 
three plants and calculating the average height. Yield was 
obtained for each plot and subsampled to obtain ûhe weight 
per 100 seeds. 
Six to ten plants were excavated at regular time inter­
vals after each fertilizer treatment. The center leaflet of 
the fourth leaf from the shoot apices was then saved for 
nitrate and total N determinations. A soil volume of 
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Table 3a, Experiment I treatments 
1969 1970 
Level Form Level Form 
Nitrogen (kg/ha) 
0 0 0 0 
100 100 (NE^ izSO^  
400 (024)2804 300 (NE^ igSO^  
100 NE4NO2 100 NH2j,N03 
400 NE4NO2 300 NH4NO3 
100 NaNO^  100/3 NEj^ NO^  
400 NaNOo 300/3 NH4NO3 
400 NaNO^  -t- 2,4-D-TI3A 300 NEji^ NO^  + 2,4-D-TIBA 
Stage applied 
3 3 
5 5 
7 7 
approximately 30 centimeters wiàe and. I5 centimeters deep by 
30 to 40 centimeters encompassed the volume of soil from which 
nodules were obtained. Nodule mass, number per plant and 
activity of leghemoglobin per 1 gram sample was then 
determined. 
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Total nitrogen determination 
The micro-Kjeldahl procedure as described by Perrin 
(1953) was utilized to determine the total nitrogen content of 
a 100 milligram sample of leaf tissue. The sample was placed 
in a 100 ml micro-Kjeldahl digestion flask, to which was 
added a catalyst and 3 ml of concentrated sulfuric acid. 
Digestion was carried out on an electrical heating unit. The 
digested samples were transferred to a distillation apparatus, 
made basic with 10 ml of concentrated NaOH and steam distilled 
into 10 ml of boric acid containing 1 or 2 drops of indi­
cator. Twenty to thirty ml of distillate was collected. The 
distillate was then titrated with standard hydrochloric acid 
and calculated using the following formula. 
^ ^ (Vs-V-b)(N ECL)(14) 
(weight of sample in milligrams) 
where; Vg = volume of SCI used to titrate sample 
= volume of HCl used to titrate blank 
N HCl = normality of HCl 
14 = molecular weight of nitrogen, 
Nitrate nitrogen determination 
determinations were made according to the procedure 
outlined by Johnson and Ulrich (1959)o One hundred milligrams 
of plant tissue, previously ground in a Wylie mill, using a 
20-mesh screen, was weighed into a ^ 0-ml plastic centrifuge 
tube. To this sample was added 25 ml of silver sulfate and 
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1 ml of sodium phosphate solution. The samples were then 
agitated for 60 minutes on a platform shaker to insure proper 
nitrate extraction. The sample was next centrifuged for 10 
minutes at 4000 rpm. A 10 ml aliquot of supernatant was taken 
for final determination. To the 10 ml aliquot was added 
2 ml of a dilute CaCO^  suspension and ^  ml of 30% H2O2 (hydro­
gen peroxide). The beaker was then covered with a watch glass 
and digested for 2.5 hours on a steam plate. After removal 
of the watch glass, the sample was allowed to evaporate to 
dryness. To the cooled residue was added 2 ml of phenol 
disulfonic acid, ?0 ml of a dilute sequestering solution 
(within 5-10 minutes after acid addition) and 15 ml of 1:1 
ammonium hydroxide and water. A yellow color appeared, if 
nitrate were present, and was compared to a standard curve 
using a Beckman-spectrometer 20, 
Leghemoglo"bin determination 
Samples containing 1 gram of nodule tissue (fresh weight) 
were homogenized in y ml of .1 N KOE with a mortar and pestle. 
The suspension was centrifuged for 10 minutes at 10,000 rpm, 
A 1,5 ml aliquot of the supernatant was mixed with 1 ml of 
water and ,5 ml of 5^  KOH, After reduction with ,1 gram of 
Na2S20^  the optical density was determined at 537» 55?» a%Ld 
577 millimicrons, Leghemoglobin concentrations (optical den­
sity units) were calculated as follows: 02557 - 1/2 (OD537 + 
0D577)» This method measures relative concentration rather 
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than providing a measurement in absolute units. The advantage 
of this method was that leghemoglobin could be measured in 
turbid samples» 
Fertilization 
Fertilizer was applied during the growing season through 
buried plastic tubing. One-inch diameter, black vinyl plastic 
tubing with holes every 3 inches was buried 20-30 centimeters 
deep and 28.2 centimeters on each side of the harvest row in 
all plots. Fertilizer was then applied through a converted 
Hudson sprayer, under slight pressure. Five gallons of 
fertilizer solution was applied for each treatment. This 
method of application enables fertilizer to be applied with 
a minimum disruption of plant roots, 
Ezperiment II 
The treatments used in Experiment II are listed in 
Table 3b, 
Measurements 
Yield and seed weight per 100 seed (Figure 1) were ob­
tained from plot sizes indicated in Table 1, At harvest time, 
the straw from plots in Tier 1 and Tier 4- was measured in the 
field. The number of days from planting to Stages 3*5; 5» 6, 
7, 10 and harvest maturity also was recorded. Lodging and 
final plant height data were obtained using the same procedure 
as in Experiment I. On July 2? all light treatments were 
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Table 3b. Experiment II treatments 
Nitrogen Lights^  
(kg/ha) Varieties (intensity range) 
0 Hark 25-6 foot 
candles 
100 Harosoy 6-4 f.c. 
Calland 4-2 f.c. 
Harosoy Dtg 2—1 f.c. 
L^ight treatments were discontinued on July 27, 1970. 
stopped. The number of nodes (average of 5 plants) were re­
corded and plants marked. The number of nodes which developed 
after July 2? were subsequently recorded at harvest maturity. 
The height of the first pod above the soil surface also was 
obtained in Tiers 1 and 4. 
Photo-period 
One 300 watt incandescent light bulb was mounted at a 
height of about 2 meters, on a steel fence post at the south 
end of four in-line plots (see Figure 1). The light was shone 
in a horizontal direction. This created a gradation in light 
intensity of 26 to 1 foot candle. The light mediated photo-
period was controlled by an automatic timing mechanism which 
turned the lights on at least one hour before sunset and off 
at 5 a.m. Light treatment began 5 days after planting when 
the cotyledons were beginning to break through the soil surface 
32b 
H 
Ift.c. 2ft.c. 4ft,c. 6ft.c. 26ft.C. 
IV III II I 
TIER 
Figure le Light treatment design - Srperiment II 
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and continued until July 27, 1970 at which time the light 
treatment was discontinued. 
Varieties 
Four different varieties were used in this experiment. 
Hark and Calland were chosen because of their proven ability 
to yield high as well as their differences in maturity and 
growth habit. Earosoy and Harosoy Dtg were used because of 
their similarity in all respects except growth habit» 
Experiment III 
Table 4 lists the treatments used in Experiment IIIo 
Measurements 
Data collected from Experiment III included seed weight 
and plot yield. Prom this data, yield and seed number per 
acre were calculated. Lodging and plant height were deter­
mined as in Experiment I. The number of days from planting 
to Stage 3*5» 5» 6J 7, 10 and harvest maturity also was 
recorded. 
Root pruning 
A smooth coulter was passed down both sides of each of 
two harvest rows. The location of treatment was 15 centimeters 
out from the row and at a 15 centimeter depth into the soil. 
This adequately severed plant roots at the stages indicated. 
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Table 4. Experiment III treatments 
Root Benzyl Shoot apices 
pruning adenine removal Variety 
0 0 0 Wayne 
Stage 2 Stage 3 Stage 4.7-5.0 Hark 
Stage 4 Stage 9 
Kinetin 
Benzyl adenine was used as a source of kinetin activity, 
Leopold (1964) reports the ability of benzyl adenine to provide 
kinetin-like effects on plant tissue. A 10"? molar concentra­
tion of material was prepared by dissolving .26 g of benzyl 
adenine in ^ 0 ml of .1 N NaOH and bringing the volume up to 
3 liters. The rows to be harvested were then treated with 
approximately 55 ml of solution, uniformly applied to the 
leaves, as a fine mist from-a Hudson sprayer. 
Shoot apices removal 
Due to the time required to perform the task, it was 
impossible to complete apez removal at the same stage as when 
it was started. In general, it took 3-4 days to complete 
apex removal from start to finish. The entire portion of the 
soybean epicotyl that was not readily discernible as a tri-
foliolate leaf by the naked eye was removed from the plant 
at Stage 4.7-5*0, The treatment rows were picked first on 
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all plots and then the "border rows were picked within the 
following one-week period. 
Variety 
Two different varieties were used." Wayne and Hark were 
chosen because of proven yield ability and differences in 
niaturity and growth habit. 
Treatment difference 
Differences between means were established with Duncan's 
new multiple range test. 
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BESULTS 
Experiment I 
Yield, maturity, heIght and lodging (I969) 
Due to the slight alteration in treatments (Table 3a), 
data for years one and two in Experiment I could not be 
combined. 
Variables measured are listed in Table 5* Yield varia­
bles Y4-Yé were analyzed as separate variables to test (in 
the event significance was found) the efficiency of this 
system of subsoil fertilization. Table 6 lists the P-values 
of these variables, and the level of significance obtained, 
which were analyzed according to the following model: 
Yi-Y6« A(I) -f B(J) + C(H) -r BC(JK) + S(IJK). A = replicates; 
B = level of fertilizer; C = date of application. Means for 
variables Y2 and Y3 are presented in Table ?, It can be seen 
that the major response was a function of TIBA-2,4-D. 
Yield, maturitya height and lodging (1970) 
Two different models were used in analyzing these data 
for 1970. Separation of analyses was made on the basis of 
stage of fertilization according to the treatments indicated 
by Table 2, in Materials and Methods. Variables analyzed 
were identical with the variables listed in Table 2 except 
for variables Y4 and Y6 (Table 5)« They were not used in 
1970. Table 8 is a listing of the P-values obtained for the 
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Table 5* Variables measured and associated units of value. 
Experiment I (I97O) 
Variable Unit of measurement 
Y1 Harvest maturity 
Y2 Height 
Y3 Lodging 
Y4 Yield 
Y5 Yield 
Y6 Yield 
Days after planting 
Centimeters 
Score: 0 = upright; 5 = prostrate 
Grams per plot (border row) 
Grams per plot (harvest row) 
Grams per plot (border row) 
analysis indicated when nitrogen was applied at Stage 3» The 
model used in analysis was Y1-Y4 = A(I) + B(J) + Error (IJ). 
A = reps; B = nitrogen treatments. The P-values obtained in 
the analyses of Stage 5 and Stage 7 nitrogen applications are 
listed by variables in Table 9» No significance for these 
variables, among treatment effects, were measured in 1970. 
Lodging was very severe among all treatments as can be seen 
in Table 10. TIBA was not effective in reducing lodging. 
Reproductive structures 
Data collected relative to reproductive structures were 
analyzed as three separate experiments in both I969 and 1970* 
Each stage of application (3,5 7) had different numbers 
or reproductive dates. Analysis in I969 was performed with 
the following model; Y1-Y6 = A(I) + B(J) + C(K) + BC(IJ) + 
Table 6, F-values and levels of signlfloanoe for variables Y1-y6 (yield data), 
Experiment I (I969) 
Variable 
Treatment df Y1 Y2 Y3 Y4 Y5 Y6 
A (reps) 3 5.15* 5.91* 7.76* 11,10* 15.21* 10,20* 
B (nitrogen) 7 
0
 
0
 
r-
i 
3.29* 3.22* .87 1,01 .51 
C (dates) 2 .75 1.65 ,11 1,98 .90 .53 
B X C 14 1 1,11 1,64 .51 .67 1.57 
Error MS 69 1.28 64*64 ,148 33760.8 20515.2 32580.7 
*Signifioant at the 1^  level of probability. 
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Table ?. Mean values over all replicates and dates for each 
level of nitrogen, Experiment I (I969) 
Variable 
Kilograms 
of nitrogen Form Mean® 
Y2 (height 100 (NH^ igSO^  118.2 b c 
in cm) 
400 116.3 b 
100 NE4NO2 117.2 b c 
400 NH^ NO^  119.9 b c 
100 NaNOj 120.9 c 
400 NaNOy 119.3 b c 
400 NaN02+TI3A-2,4-D^  107.3 a 
0 Control 118.6 b c 
Y3 (lodging) 100 (NS^^gSO^ 2o5 b 
400 (NHj^ )2S0ij, 2.7 c 
100 NH^ NO^  2.5 b 
400 2.5 b 
100 NaJIO^  2.7 c 
400 NaNOc 2.6 b c 
400 NaNO^ +TIBA-a,4-D 2.1 a 
0 Control 2.5 b 
Cleans followed by different letters are significantly 
different. 
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Table 8. P-values for variables Y1-Y4, Stage 3* Experiment 
I (1970) 
Variable 
Treatment df Y1 Y2 Y3 Y4 
A (reps) 3 9.4 .63 9.8 3.33 
B (nitrogen) 7 1.5 .60 .7 ,60 
Error MS 21 9656.9 .02 66.0 1.83 
Table 9, P-values and levels of significance for variables 
Y1-Y4, Experiment I (1970) 
Variable 
Treatment df Yl Y2 Y3 Y4 
A (reps) 3 11.68 .20 3.82 2.91 
B (nitrogen) 5 .90 .66 .01 .72 
C (date) 1 .25 1.58 2.15 2.80 
B X C 5 .42 .44 1.63 .47 
Error MS 33 11006.5 .05 58.95 2.06 
Error(IJK), where A = replications; B = nitrogen; C = dates of 
counting. The date of counting refers to the specific dates, 
after nitrogen fertilization, on which counts for flowers, 
small pods (1/8 to 3/4 inch) and pods plus green beans (1 inch 
or greater) was counted as separate units. Table 11 lists the 
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Table 10. Mean lodging score over all replicates for Stage 3 
and Stages 5 and 7 nitrogen treatments. Experiment 
I (1970) 
Nitrogen 
(kg/ha) Form Lodging 
Stage 3 
100 (NH2J,)2S02^ 3.5 
300 (NH2J,)2S02^ 3.4 
100 NHJ^NO^ 3.5 
300 NE^NO^ 3.5 
100/3 NH^NOJ 3.4 
300/3 NH4NO3 3.5 
3OO+TIBA-2,4-D 3.5 
0 Control 3.5 
Stages 5 and 7 
100 (NH4)2S0^  3.5 
300 (N%)g80j;j, 3.5 
100 NHji^ NO^  3.5 
300 NH^ N^O^  3.5 
300+TIBA.-2,4-D 3.5 
0 Control 3*5 
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Table 11, Dates of pod counting for each stage of nitrogen 
application. Experiment I (I969) 
Stage Dates counted 
3 July 1, 1969 
July 18, 1969 
July 26, 1969 
August 1, 1969 
August 8, 1969 
August l4, 1969 
5 August 1, 1969 
August 8, 1969 
August l4, 1969 
August 25» 1969 
7 August 25, 1969 
September 2, I969 
dates of counting for each stage analyzed. 
Sta^ e 3 (1969) 
Table 12 is the list of variables used for analysis. In 
Table I3 are found the F-values of all variables in each 
separate analysis for Stage 3» As expected, the date of count­
ing was significant. Table l4 lists the mean values for the 
nitrogen treatments for those variables where significance 
was obtained. The presence of different reproductive struc­
tures over time could be expected to be more prevalent with 
an indeterminate than with a determinate type plant. Table 
15 presents the means over each date for dates of counting. 
Significant 3 x C interactions for this data are presented 
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Table 12. Variables measured and associated units of values. 
Experiment I (1970) 
Variable Unit of measurement 
Y1 Number of flowers 
Y2 Number of small pods 
Y3 Number of pods with green beans 
developing 
Table 13. P-values and levels of significance for variables 
Y1-Y3 (reproductive data). Stage 3, Experiment I 
(1969) 
Treatment df 
Variable 
Y1 Y2 Y3 
A (reps) 3 2.30 2.22 2.53 
B (nitrogen) 7 1.83*** 3.55* 1.70 
C (dates) 5 269.24* 515.94* 212.25* 
B X C 35 2.43* 1.03 .80 
Error MS 141 7.87 54.51 38.86 
***81gnlficant at the 10^  level of probability; •Sig­
nificant at the level of probability. 
% 
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Table 14. Mean values over all replicates and dates of 
planting for nitrogen treatments. Stage 3# 
Experiment I (I969) 
Nitrogen 
(kg/ha) 
Variable^  • 
Form Y1 Y2 
100 (NE^ )280j^  12.00 38.47 c d 
400 (NKi^ )2S0^  10.67 38.63 c d 
100 NE^ NOj 10.62 38.05 c d 
400 NE4NO3 10.60 40.92 c 
100 NaNO- 9.72 37.07 C 
400 NaNOc 10.90 34.15 b 
400 NaNO^ +TIEA- 2 ,4-D 12.10 31.54 a 
0 Control 9.91 33.37 a b 
K^ean values followed by the same letter are not sig­
nificantly different at the level of probability. 
in Table 15a» Figure 6, which is a graphic presentation of 
of Table 15a for variable Yl, shows that the main variation 
contributing to the significant interaction occurs on dates 
7-18, 7-26, and 8-1. 
Mean values for variables Y2 and Y3 are also presented 
in Table 15» These values were used in calculating the values 
in Table 16^  The ratios presented in Table 16 are designed to 
show the proportional distribution of the various reproductive 
structures over time. The reproductive ratios for N treatments 
did vary from controls over time. Nitrogen applied at Stage 3 
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Table 15» Mean values over all replicates and nitrogen levels 
for each date counted after fertilization, Stage 3, 
Experiment I (I969) 
Variable Date Mean 
Y1 (flowers) 7-11-69 .5 
7-18-69 18.0 
7-26-69 17.2 
8-1-69 17.6 
8—8—69 8»2 
8-14-69 2.6 
Y2 (pods) 7-11-69 0.0 
7-18-69 3.0 
7-26-69 32.7 
8-1-69 65.6 
8-8-69 65.0 
8-14-69 53.1 
Y3 (seed pods) 7-II-69 0.0 
7-18-69 0.0 
7-26-69 0.0 
8-1-69 5.4 
8-8-69 17.4 
8-14-69 37.9 
appeared to increase the number of flowers (Table 15a) but 
did not change the length of the flowering period apparently. 
The initial flowering effect is reflected in the pod and 
pod with bean numbers through August 14, I969. 
Stage ^  (1969) 
Table I7 lists the P-values obtained with the same split-
plot analysis used for Stage 3 except dates counted only 
equals four in Stage 5 as indicated in Table 11. The dates 
counted after fertilization showed significant difference as 
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Table 15a. Mean values over all replicates for nitrogen and 
dates of counting. Stage 3» Zzperiment I (I969) 
Dates 
nitrogen 
(kg/ha) Form 7-11 7-18 7-26 8-1 8-8 8-14 
Y1 
100 .4 22.0 19.8 17.2 9.2 3.4 
400 (:\E2,)2S0^  .9 17.9 18,1 17.1 7.5 2.4 
100 NHhNCy • 3 IS.4 18.1 17.6 7.2 2.2 
0
 
0
 j .3 18.9 18.2 16.9 6,6 2.2 
100 NaNOo • 5 21.9 14.7 13.2 6.7 1.4 
400 NaNO? . 6 18.7 16.1 l6k3 10.2 3.3 
400 NaN0--fTI5iL-
2*4-D 
.3 14.1 16.8 26.8 10.2 3.1 
0 0 1?.9 
Y2 
15.9 15.6 6.9 2.9 
100 0 4. C 37.3 71.G 62.8 55.7 
0
 
0
 0 3o4 32.8 71.0 69.2 55*6 
100 NE2j.N0^  0 4.1 3^ » 4 6 S 0  66.6 54.7 
400 NE^ NO- 0 3.4 36.3 73.6 73.4 58.8 
100 NaNO^  0 2.S 37.1 67.2 65.8 49.3 
400 OaNCc 0 3.1 32.2 64 i 9 57.6 47-1 
0
 
0
 
NaN0c+?I3A-
2,4-D 
0 J. » 3 22.3 48.9 62.2 54.2 
0 0  1.7 28.5 60.4 60.5 49.2 
4? 
Table 15a, (Continued) 
Nitrogen 
(kg/ha) Form 
Dates 
7-11 7-18 7-26 8-1 8-8 8-14 
100 0 0 0 5.1 21.8 44.3 
400 0 0 0 5.3 19.3 46.5 
100 NE4NO2 0 0 0 5.9 15.9 34.7 
400 1 0 0 0 0 5.0 13.7 33.8 
100 NaNO^  0 0 0 5.2 18.3 37.9 
400 KaNOc 0 0 0 4.8 21.9 39.0 
o
 
o
 NaNOcfTIBA-
2,423 
0 0 0 9.1 16.9 39.2 
2.8 11.2 28.1 
in Stage 3« The means for these values are recorded in Table 
iBo Flowering was sûill observed on 8-25 seven weeks after 
first floKer. 
Staae 7 (1969) 
Significant ?-tests for Stage 7 are presented in Table 19« 
The major difference in ûhis analysis, fron the analysis of 
Stages 3 and 5» is that reproductive stages were counted on 
only two dates after fertilization. Very little significance 
was obtained due to the decrease in precision "with reduced 
replication# Pod nusbers were significantly affected by 
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Table 16. Flowering data ratios, Experiment I (I969) 
Dates 
litrogen 
kg/ha) Pora 7-18 7-26 8-1 8-8 8-14 
Y1/Y2 
100 (^ 1^ )280. 5.5 .53 .24 .15 .06 
400 5.2 .55 .24 .11 .04 
100 NZi.NOq 
~r J 4.5 .52 .26 ,11 .04 
400 NE,,NO. J? 5.5 .50 .23 .09 .04 
100 NaNO? 7.8 .40 .20 .10 .03 
0
 
0
 
NaNOj 6.0 .50 25 .17 .07 
400 NaN0-?TISA-2, 4-D 9.4 .75 .44 .18 .06 
0 10.4 .56 
Da 
.26 
tes 
.11 .06 
5-1 8-8 6-14 8-1 3-8 8-14 
Y1/Y3 Y2/Y3 
100 (NHr)?SO^ 3.V .42 .06 13.9 2.9 1.3 
0
 
0
 (NHj, )  SO;, 3.2 .39 .05 15.4 3.6 1.2 
100 NSiNO.; 3.0 a Où 11.6 4.2 1.6 
400 NZi.NG. j 3.4 .48 . 06 14.7 5.4 1.7 
100 NaNO^  2.5 .37 .04 12.9 3.6 1.3 
400 NaNO. 3<>4 .47 .08 13.5 2.6 1.2 
400 NaNOc^ TIBÀ-
2,4-D 
2.9 . 66 .05 5.4 3.7 1.4 
0 5.6 .62 .10 21.7 5.4 1.8 
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Table I7, F-values and levels of significance for variables 
Y1-Y3 (reproductive data). Stage 5» Experiment I 
(1969) 
Variables 
Treatment df Y1 Y2 Y3 
A (reps) 3 .13 1.81 6.43* 
3 (nitrogen) 7 .97 1.40 .73 
A X B 21 1.70 3.28 2.66 
C (dates) 3 43.65* 107.65* 302.35* 
B X C 21 .83 1.17 .60 
Error MS 72 21.90 50.92 41.69 
*Sigr.ificantly different at the 1% level of probability. 
Table 18. Mean values over all replicates and nitrogen levels 
for each date counted after fertilization, Stage 5» 
Experiment I (I969) 
Variable Date Mean 
Y1 (flowers) 8-1 13.5 
8-8 9.0 
8-14 2.7 
8-25 1.4 
Y2 (pods) 8-1 49.7 
8-8 63.4 
8-14 50.4 
8-25 30.7 
Y3 (seed pods) 8-1 2.2 
8-8 14.4 
8-14 30.2 
8-25 48.0 
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Table 19. P-values and levels of significance for variables 
Yi-Y3 (reproductive data). Stage 7, Experiment I 
(1969) 
Variable 
Treatment df Y1 Y2 Y3 
A (reps) 3 1.58 4.63 .25 
B (nitrogen) 7 .74 2.28*** .91 
A X B 21 3.98 2.21 5.02 
C (dates) 1 1.75 17.40* 3.21*** 
B X C 7 .52 .97 .50 
Error MS 24 .72 24.90 58.07 
***Slgnlflcant at the 10^  level of probability; *Signifi-
cant at the level of probability. 
nitrogen treatments. The pattern of differences is indicated 
by the means in Table 20. In general, nitrogen additions at 
Stage ? enhanced pod retention. Table 21 presents the means 
for pod numbers and pods with beans for each date of counting. 
At that late date, as Mould be expected, pod and seed measure­
ments predominate because of the cessation of soybean 
flowering. 
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Table 20. Mean values over all replicates and date of count­
ing for variable Y2, Stage ?» Experiment I (I969) 
Nitrogen 
(kg/ha) Form Mean 
100 21.7 
400 21.9 
100 NH^ NO? 19.9 
400 22.9 
100 NaNOg 19.0 
400 KaNC3 26.9 
0
 
0
 
KaNOj+fTIBA-2,4-D) 29.9 
0 18.1 
Table 21. Mean values over all replicates and nitrogen levels 
for each date of planting* Stage Szûerizent I 
(1969) 
Variable Date Mean 
Y2 8-25 30.7 
9-2 14.3 
Y3 S-25 46.8 
9-2 43.4 
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Experiment I (1970) 
The reader's attention Is called to Table 2 In the 
Materials and Methods for a quick reference to the fertilizer 
treatments used In 1970. The NaNO^  treatments (used in 1969) 
were discontinued. The same variables were measured in 1970 
as in 1969 with the only change in the model being treatment 
number. The actual dates of pod counting are shown in Table 
22. These dates approximate, very closely, the dates of 
counting in I969. 
Table 22. Dates of pod counting for each stage of nitrogen 
application, Experiment I (1970) 
Stage Dates counted 
3 July 13» 1970 
July 20, 1970 
July 28, 1970 
August 10, 1970 
August 18, 1970 
September 2, 1970 
5 July 29, 1970 
August 6, 1970 
August 24, 1970 
September 3» 1970 
7 August 24, 1970 
September 3, 1970 
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stage 2 (1970) 
In Table 23, the significant F-values are found for all 
reproductive variables measured. Dates of counting had a 
highly significant effect for all variables measured. The 
means for dates are presented in Table 24. The progression of 
floral development can be seen in this table. 
Table 23. P-values and levels of significance for variables 
Y1-Y3 (reproductive data), Stage 3» Experiment I 
(1970) 
Variable 
Treatment df Y1 Y2 Y3 
A (reps) 3 .67 1.92 1.17 
B (nitrogen) 7 .68 .29 .65 
A X B 21 2.25 2.18 2.68 
C (dates) 5 114.01* 178.99* 180.22* 
B X C 35 .56 .47 .67 
Error MS 120 58.61 28.78 47.00 
*Signifleant at the 1% level of probability. 
Stase 2 (1970 
In Stage 5» the number of nitrogen treatment combinations 
•was reduced to six. Table 25 contains the P-value s for re­
productive counts made after fertilization at Stage 5* Dates 
were significant. Table 26 is a presentation of this data. 
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Table 24. Mean values over all replicates and nitrogen levels 
for each date counted after fertilization at Stage 
3» Experiment I (I97O) 
Variable Date Mean 
Y1 (flowers) 7-13-70 22.5 
7-20-70 40.8 
7-28-70 34.3 
8-10-70 19.8 
8-18-70 12.0 
9-2-70 1.2 
12 (TDods) 7-13-70 0.0 
7-20-70 2.0 
7-28-70 12.0 
8-10-70 32.7 
8-I8-7O 23.2 
9-2-70 8.3 
Y3 (seed ^ ods) 7-12-70 0.0 
7-20-70 0.1 
7-28-70 3.7 
8-10-70 11.8 
8-18-70 31.4 
9-2-70 36.8 
Stage 7 (1970) 
•Table 2? is ôhe list of ?-values associated with fer­
tilizer tre&s&ents az Stage ?. Dates of counôing were differ­
ent for all variables except pod nizzberso This variable (Y3) 
had reached a given level and was not changing with time. 
Structure abortion was apparently active at this time. The 
means for variables Yl-Yj are presented in Table 28. 
The general yield levels for both years in grams per plot 
are given ia Tables 29, 30. While not statistically significant 
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Table 25» P-values and levels of significance for variables 
Y1-Y3 (reproductive data), Stage 5» Experiment I 
(1970) 
Variables 
Treatment Qf Y1 Y2 Y3 
A (reps) 3 .21 3.54 .96 
B (nitrogen) 5 .21 .09 .20 
A X B 15 2.35 2.42 2.76 
C (dates) 3 104.50* 57.02* 63.61* 
3 X C 15 .88 .74 .61 
Error MS 5^  31.83 37.86 128.19 
S^ignificant at the 1.% level of probability. 
Table 26. Mean values over all replicates and nitrogen levels 
for date counted after fertilization at Stage 5» 
Experiment I (1970) 
Variable Date Mean 
Y1 (flowers) 7-29-70 26.8 
8-6-70 21.0 
8-24-70 11.1 
9-3-70 0.0 
Y2 (pods) 7-20-70 14.8 
8—6—70 31.4 
8-24-70 23.1 
9-3-70 9.8 
Y3 (seed pods) 7-29-70 3.1 
8—6—7 0 10.3 
8-24-70 35.9 
9-3-70 40.2 
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Table 27. P-values and levels of significance for variables 
Y1-Y3 (reproductive data), Stage 7, Experiment I 
(1970) 
Variable 
Treatment df Y1 Y2 Y3 
A (reps) 3 1.75 .76 .53 
B (nitrogen) 5 1.17 1.23 1.78 
A X B 15 
ON CO 
1.85 24.38 
C (date) 1 74.27* 247.2* .91 
3 X C 5 1.04 .86 .57 
Error MS 18 8.40 9.51 14.28 
•^ Significant at the 1^  level of probability. 
Table 28. Mean values over all replicates for nitrogen levels 
and date counted after fertilization, Stage 7, 
Experiment I (I97O) 
Variable Date Mean 
Y1 (flowers) 8-24 7.2 
9-3 0 
Y2 (pods) 8—24 23.9 
9-3 9.9 
Y3 (seed pods) 8-24 49.7 
9-3 50.7 
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Table 29. Mean yield over all replicates for each stage of 
treatment, nitrogen level and row harvested. 
Experiment I (1969)^  
Row 
Nitrogen 
(kg/ha) Form 12 3 Mean 
Stage 3 
100 (NE^JgSO^ 1149 1243 1180 1190 
0
 
0
 (2fEj^)2S0^ 1351 1285 1106 124? 
100 NSj^NO- 1181 1124 1099 1134 
0
 
0
 OS,,NO-J 
1186 1266 1353 1241 
100 NaNO^  1183 1192 1184 1186 
400 NaNOq 1106 1266 1353 1241 
400 NaNOc+TIBA-
2,4^D 
1189 1206 1245 1213 
0 1262 
Stacre 6 
1170 1156 1196 
100 1041 1189 1070 1100 
400 (NE^),80^ T zC "V 1029 1319 1336 1228 
H
 
0
 
0
 1 0 1079 1098 1090 IO89 
400 NE^-KO^ 121? 1228 1145 1196 
100 NaKO- 107? 1145 1016 1079 
0
 
0
 KaaO? 1077 1150 1083 1103 
400 NaNO^ +TIBA-
2,4^D 
1148 1281 1190 1206 
0 1259 1233 1215 1235 
ai 173 grains is ecu ivalent to 50 bushels per acre. 
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Table 29• (Continued) 
Row 
Nitrogen 
(kg/ha) Form 1 2 3 Mean 
Stacce 7 
100 1023 1126 1071 1073 
400 1079 1161 1015 1085 
100 NE^ NOj 1175 1128 1254 1185 
400 NE^ NOo 1164 1219 1302 1228 
100 NaNOj 1113 1234 1298 1215 
400 NaKOc 1125 1182 1158 1155 
0
 
0
 NaNOo+TIEà-
2,4<D 
1199 1081 1095 1125 
0 1154 1247 1242 1214 
there is a general yield reduction associ. ated with nitrogen 
treatment s when applied at Stages 5 and 7 Trends in Table 29 
are not 0 bservable in Ta Ole 30. Ni trogen appeared to enhance 
yield. Later additions appeared to reduce yields over the 
control, however. 
Correlations In reproductive data (I969 and 1970) 
Reproductive data taken on those variables recorded in 
Table 5 were analyzed with a correlation matrix over all 
treatments. The correlation coefficients for the different 
dates of fertilization across all variables are listed in 
Table 30. Mean yields over all replicates for each stage of treatment and 
nitrogen level, Experiment I (1970)^  
Stage Stage 
(kg/ha) Form 3 (kg/ha) Form 5 7 
100 855 100 841 728 
300 867 400 (NH^ igSO^  860 794 
100 NH4NO3 809 100 NH4NO2 772 788 
300 NH^ NO] 896 400 NH4NO2 823 754 
100(3%) NH4NO2 890 400 NH|^ N0^ 'fTIBA-2,4-D 852 858 
300(3%) NH4NO2 838 0 Control 818 739 
300 NH^ N02+TIBA-2,4-D 80(4-
0 Control 801 
*938 grams is equivalent to 50 bushels per acre, 
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Table 31. The error degree of freedom used for the signifi­
cance test was different for the three different stages of 
fertilization. Significance remains relatively consistent 
for the variables across dates. It should be kept in mind 
that the degrees of freedom did differ and the dates that the 
counts were taken also were different for each stage. The 
difference in dates of counts will be taken into special con­
sideration during discussion. 
Table 31, Correlation coefficients for three dates of nitro­
gen applications over all replicates and treatments, 
Experiment I and II (I969 and 1970) 
Variable 
Y1 Y2 Y2 
Variable Stage 1969 1970 1969 1970 1969 1970 
Y1 3 1.00 1,00 
5 1.00 1.00 
7 1.00 1.00 
Y2 3 ,06 - .22 1.00 1.00 
5 - .33** .38** 1.00 1.00 
7 - .05 .72** 1.00 1.00 
Y3 3 - .39** - .68** - .51** .35** 1.00 1.00 
5 - .j6** - .61** - .45** - ,06 1.00 1.00 
7 .07 .00 .37 ,11 1.00 1.00 
•^ •^ Significant at the level of probability. 
Nodule and leaf nitrogen data (I969) 
The variables measured and the units associated with each 
variable are listed in Table 32a. Variables Y1-Y6 are reported 
on a per plant basis. Variables Y7-Y9 are expressed as ratios, 
part per million and percentage, respectively. The model used 
for analysis was a split plot: A(I) -f B(J) -f C(E) -i- BC(JK) + 
Error A -r D(L) -f 3D(JL) -r CD(KL) + BCD(JKL) -r error (IJKL), 
where A = replications; 3 = nitrogen; C = stage of nitrogen 
application; D = date of sampling and I = 4; J =8; K = 3; 
L = 2. The AKOV for variables Y1-Y9 can be found in Table 32b 
and Table 33» The stage of growth at which the nitrogen was 
applied had a significant effect on variables Yl-Yo. There 
was also a significant C (stage) x D (date) interaction in all 
cases except variables Y2 and Y5. Stage of growth and time 
after a particular period of growth are indicated as parameters 
which are unaffected by nitrogen levels but more sensitive to 
the time at which nitrogen is applied. Table 3"^  contains the 
individual means for stage of nitrogen application for those 
variables relative to nodule numbers and mass (Y1-Y6), Sig­
nificant C (stage) >: D (date) interactions are presented in 
Table 35 for variables Yl, Y3» Y4 and Yo. The above mentioned 
items were the only values of significance relative to nodule 
mass and numbers. Variables Y7-Y9, as indicated in Table 33» 
were significant for all treatments and most interactions. 
Table 36 lists the mean of the nitrogen treatments. Table 37 
presents the means for the stage of treatment while Table 38 
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Table 32a » Variables measiired and imlt of value associated 
with each, Experiment I (I969) 
Variable Unit of measurement 
Y1 Average number of rotten nodules per plant 
Y2 Average number of little, non-picked nodules per 
plant 
Y3 Average number of nodules picked per plant 
Y4 Average mass of nodules per plant in grams 
Y5 Average single nodule mass per plant in grams 
Y6 Average total number of nodules per plant 
Y6 = Y1 -i- Y2 -T- Y3 
Y7 Ratio of percent NO^  divided by percent actual N 
Y? = Y8 (*.0001) (Y9Ï 
oo 
in parts per million of dry weight 
Y9 Nitrogen percent as determined by the 'micro-
Ejeldahl procedure 
presents the means for nitrogen by stage interactions. The 
means for the effect of date and date s stage interaction 
are presented in Tables 39 40. 
Table 32b, P-values and levels of significance for variables Y1-Y6, Experiment I, 
(1969) 
Variable 
Treatment df Yl Y2 Y3 Y4 Y5 Y6 
A (repfj) 3 .25 2.13 7.77 11.34 ,62 8,76 
B (nitrogen) 7 1.78 .89 .51 1.72 1.15 .69 
C (stage) 2 3,81#* 5.54* 8,81* 8,95* 3.46** 8,23* 
B X C 14 ,82 , 66 .76 1,06 .54 .85 
Error A (MS)  69 35.29 59.90 1243,96 .56 ,0001 1322,65 
D (date) 1 2.32 ,88 1,67 .91 .92 1.49 
B X D ? 1,48 1.24 1.27 1.09 .91 .62 
C X D 2 6,70# 1,58 5.76* 5.87* 1.12 4,73** 
B X C X D 14 . 36 .39 .63 .79 1.09 .54 
Error MS 72 33.45 77.99 797,75 .42 ,0001 964,34 
**8ignlfleant at the level of probability; ^ Significant at the 1^  level of 
probability0 
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Table 33. F-values and levels of significance for variables 
Y7-Y9, Experiment I (I969) 
Variable 
Treatment df Y7 Y8 Y9 
A (reps) 3 .38 .26 2.13 
B (nitrogen) 7 18.68* 18.00* 2.17** 
C (stage) 2 20.68* 23.93* 7.14* 
B X C 14 3.34* 2.89* 1.98** 
Error A(MS) 69 . 0004 7412.78 .16 
D (date) 1 8.09* 14.18* 21.42* 
B X D 7 1.79*** 1.13 1.05 
C X D 2 4.43** 6.81* 22.67* 
B X C X D 14 2.27* 3.40* 1.12 
Error MS 72 .0003 6539.82 .20 
***Significant at the 
nificant at the level of 
1% level of probability. 
10# level 
probabili 
of 
ty; 
probability; 
•«•Significant 
**Sig-
at the 
Table 3^ . Mean values over all replicates, levels of nitrogen 
and date of sampling for each stage of nitrogen 
application, Experiment I (I969) 
Stage of application^ 
Variable 3 5 7 
Y1 5.9 a 8.4 b 8.3 b 
Y2 13.1 a 10.4 b 8.5 b 
Y3 45.5 a 71.7 b 59.3 c 
Y4 .9 a 1.5 b 1.3 b 
Y5 .020 a .022 a .025 "b 
Yo 64.4 a 90.4 b 76.2 a 
N^umbers followed by the same letter are not significantly 
different at the 5^  level of probability. 
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Table 35» Mean values over all replicates and nitrogen level 
for stage and date of treatments. Experiment I 
(1969) 
Date& 
Variable Stage 1 2 
Y1 3 3.25 a 8.47 b 
5 8.02 b 8.85 b 
7 9.42 b 7.20 b 
Y3 3 40.06 a 50.97 ab 
5 62.34 be 81.02 c 
7 66.18 c 52.41 ab 
Y4 3 .74 a 1.10 b 
5 1.32 be 1.59 0 
7 1.50 c 1.14 b 
Y6 3 57.87 a 70.94 ab 
5 81.84 b 99.06 c 
7 83.12 b 69.25 ab 
•^Keans followed by the same letter are not significantly 
different at the S% level of probability. 
Table 36. Mean values over all replicates and stages and dates 
for all nitrogen treatments, Experiment I (I969) 
Nitrogen Variaole 
(kg/ha) Form Y? Y8 Y9 
100 
400 
.038 
.034 
ab 
ab 
167.58 
152.20 
ab 
a 
4.53 
4.40 
b 
ab 
0
 0
 
0
 0
 
NS4KO2 .041 
.054 
be 
d 
184.79 
240.46 
ab 
b 
4.52 
4.64 
b 
e 
0
 0
 
0
 0
 
NaNO^  .030 
.052 
a 
c 
134.17 
235.62 
a 
b 
4.56 
4.50 
b 
b 
400 
0 
NaNOo+TIBA-
2,4-3 
.082 
.030 
e 
a 
353.54 
139.16 
e 
a 
4.26 
4.56 
3, 
b 
M^eans followed by the sane letter are not significantly 
different at the level of probability. 
67 
Table 37* Meazi values over all replicates, dates and nitro­
gen levels for the stage of application, Experiment 
I (1969) 
Stase®-
Variable 3 5 7 
Y7 .053 a .050 a .032 b 
Y8 238.97 a 225.81 a 141.91 b 
Y9 4.59 a 4.54 a 4.34 b 
%eans followed by the same letter are not significantly 
different at the level of probability. 
Table 38. Mean values over all replicates and dates for ni­
trogen levels and stage of treatment. Experiment I 
(1969) 
Vari­
able 
Nitrogen 
(kg/ha) 
Staffed 
Form 3 5 7 
Y7 100 
400 
.035 
.045 
ab 
ab 
.042 ab 
.036 ab 
.022 a 
.022 a 
100 
400 
.048 
.070 
ab 
c 
.042 ab 
. 054 b 
.032 a 
.037 ab 
100 
400 
NaNO^  .038 
.054 
ab 
b 
.032 a 
.046 ab 
.019 a 
.057 b 
400 
0 
NaN0q-i-TI3A-
2,4-D .092 
.029 
c 
a 
.114 c 
.036 ab 
.041 ab 
.026 a 
^•Means followed by the same letter are not significantly 
different at the 5^ level of probability. 
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Table 39» Mean values over all replicates, nitrogen levels 
and stage of application for each date. Experiment 
I (1969) 
Variable 
Date 
V 7 .049 .041 
Y8 224.21 180.25 
Y9 4.64 4.34 
Table 40. Mean values over all replicates and nitrogen levels 
for each stage and date* Experiment I (I969) 
Stacce^  
Variable Date 3 5 7 
Y7 .052 c .053 0 .041 
2 .053 c .048 c .023 
Y8 i. 241.72 d 236,94 d 193.97 
2 236.22 & 214.39 cd 89.84 
Y9 ]_ 4.63 b 4.50 b 4.79 
2 4.55 b 4.59 b 3.89 
M^eans followed by -che same letter are not significantly 
different at the '1.% level of probability. 
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Correlations Y1-Y9 (1969) 
The correlation matrix and indicated levels of signifi­
cance are presented in Table 41. Due to the large df associ­
ated with the error term when obtaining nodule data, a high 
degree of variability is frequently associated with sampling 
measurements. This would, in general, lead to lower correla­
tion coefficients. The fact that the trend is present de­
serves presentation and subsequent discussion. 
Nodule and leaf nitrogen data (1970) 
Nodule and leaf data were analyzed as three separate 
experiments in 1970. This was necessitated by sampling and 
treatment modifications as indicated in Materials and 
Methods. The basic model was Yl-Yll = A(I) + B(J) + C(K) + 
BC(JK) -r Error; where A = replicates; B = dates; C = nitrogen. 
This analysis was performed for each stage of nitrogen applica­
tion. Table 42 lists the variables measured and the units 
associated with each experiment. The AOV's for all data col­
lected at Stages 3» 5» and 7 are presented in Table 43 through 
Table 48. It readily can be seen by these data that the nodule 
development process of soybeans is certainly not static or 
unaffected by the nitrogen status of soils during the growing 
season. In general, date after treatment (time of harvest) 
was significant, independent of the stage at which treatments 
commenced. 
Table 41, Experiment I correlation coefficients for all variables, I969 
Y1 Y2 Y3 Y4 Y5 Y6 Y? Y8 Y9 
Y1 1,00 
Y2 -.12 1.00 
Y3 .12 -.03 1.00 
Y4 .10 -.04 ,77* 1.00 
Y5 -.04 -.11 ",17** .37* 1.00 
Y6 .25* ,18** ,96* .74* -.20** 1.00 
Y7 -.10 .04 -.04 -0I3 -.16** -.04 1.00 
Y8 -.10 .06 -.02 -.11 -.16** -.03 .98* 1.00 
Y9 -.03 .09 .13 .16** .06 -.14 .00 ,17** 1.00 
**Slgnlficant at the level of probability» *Signifleant at the 1% level of 
probability. 
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Table 42. Variables measured and units of value associated 
with each. Experiment I (1970) 
Variable Unit of measurement 
Y1 Average number of rotten nodules per plant 
Y2 Average number of little, non-picked nodules per 
plant 
Y3 Average number of nodules picked per plant 
Y4 Average mass of nodules per plant in grams 
Y5 Average single nodule mass per plant in grams 
Y6 Average total number of nodules per niant 
Y6 = Y1 + Y2 + Y3 
Y7 Eatio of percent NO^  divided by percent actual N 
Y7 = Y8 (.0001) + Y^ 9 
Y8 NO^  in parts per million of dry weight 
Y9 Nitrogen percent as determined by the micro-
Kjeldahl procedure 
YIO Leghemoglobin in O.D.^  units per gram of tissue 
Yll Leghemoglobin in O.B. units per plant 
^Optical Density. 
Supplemental nitrogen treatments were most effective in 
affecting the indicated parameters when applied at Stage 5» 
although they were not without effect during Stages 3 and 7* 
Significant interactions were observed for all stages. For 
Stage 3* significant interactions for variables Y1 and Y3 
were observed, while for Stage 5» variables YIO and Yll were 
Table 4^ . F-values and levels of signifloanoe for variables Y1-Y6, Stage 3, 
Experiment I (1970) 
Variable 
Treatment df YL y 2 Y3 Y4 Y5 Y6 
k (reps) 3 3,63 , 66 1,07 5.93 8,31 ,88 
B (date) 2 28,73* 63.00* 124,44% 122,20* 7,96* 181,57* 
C (ni trogen) 7 4,82** .51 1,39 2.55** 1.53 1,14 
B X C 14 'f. 20* .56 22.15** 1,42 .73 1,30 
Error MS 69 ,27 131.20 69,67 .03 ,00002 192.07 
^^ ('Significant at thn level of probability» S^ignifioant at the 1.% level of 
probability, 
Table 44, P-values and levels of significance for variables Y7' -Yll, Stage 3, 
Experiment ï (1970) 
• « I'r-.* ^ Vf Variable 
Treatment df r i  Y8 Y9 YIO Yll 
A (reps) 3 1.77 1,77 1.22 .25 .33 ,91 
B (date) 2 4,20*# 10.61* 60.48* 11,45* 26,61* 
C (nitrogen) 7 1,95**# 2,65** 1.42 .83 .53 
B X C 14 1,60 1.45 ,95 .70 .54 
Error MS 69 .00003 676.40 .13 9.02 14.31 
***Signlfleant at the 10^  level of probability; **Signifleant at the 1
—
1 V > 0
) I—i 
i %
 
of probability; *Signifleant at the 1.% level of probability. 
Table 4J), P-values and levels of significance for variables Y1-Y6, Stage 5? 
Experiment I (1970) 
Variable 
Treatment df Y1 Y2 Y3 Y4 Y5 Y6 
A (reps) 3 1.16 2.18 , 64 .98 3.63 1,19 
B (dates) 2 26.56* 20.19* 14.10* 23,86* 5.56* 23.23* 
C (nitrogen) 5 ,42 1.77 2,50*#* 1,82 ,11 2.51** 
B X 0 10 
.53 .73 1,50 1,20 .71 1.28 
Error MS 51 4,72 242,21 282,46 , 16 .00003 771,24 
**#81gnlfleant at the 10% level of probability» **8ignifioant at the 5^  level 
of probabilityi wgignifloant at the 1% level of probability. 
Table i}-6, F-values and levels of significance for variables Yf-Yll, Stage 5» 
Experiment I (1970) 
Y^ rlable 
Treatment df Y7 Y8 Y9 YIO Yll 
A (reps) 3 .95 ,84 1.96 3.04 3,78 
B (dates) 2 1.44 1.59 2.00 57.11* 64,23* 
C (nitrogen) 5 3.58* 3.95* 1.25 2,56** 4,22* 
B X C 10 1.42 1,38 , 64 2,40** 3,52 
Error MS 51 .00002 472.89 .162 6,57 21,55 
**Signifleant at the level of probability* *Signifleant at the 1% level of 
probability. 
Table 4?, P-values and levels of significance for variables Y1-Y6, Stage 7, 
Experiment I (1970) 
Variable 
Treatment df Y1 Y2 Y3 Y4 Y5 Y6 
A (reps) 3 2.35 .48 ,48 ,46 1.43 .32 
B (date) 1 41.81* 28,32* 6,74* 9,16* .01 111.00* 
C (nitrogen) 5 1,65 .90 .71 .69 1.82 .80 
B X C 5 . 06 1.39 1,62 1.89 ,16 1.80 
Error KS 33 3.59 78.79 542.67 .19 .0002 832,56 
•"•Significant at the 1% level of probability, 
Table 48, P-values and levels of significance for variables Y7~Y11, Stage 7, 
Experiment I (1970) 
Variable 
Treatment df Y7 Y8 Y9 YIO YLL 
A (reps) 3 3,59 2.99 .72 1.12 .73 
B (date) 1 13.09* 42.59* 100.85* 204.66* 78.73* 
C (nitrogen) 5 . 66 .53 .91 .98 ,46 
B X C 5 4.18* 2 .54** .33 1.25 .50 
Error MS 33 .00001 203.48 .17 12.18 59,23 
**Signlfleant at the 5^  level of probability; #81gnifleant at the 1% level 
of probability. 
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significantly affected. In Stage ? variables Y? and Y8 were 
significantly affected. The variables affected at Stage 3 
relate to nodule numbers. Stage 5 relate to the leghemo-
globin content while in Stage ? the nitrogen status of the 
leaf is most affected. 
The mean values presented in Table 4-9 for Stage 3 are 
indicative of the changes of each parameter (Y1 to Yll) with 
dates of sampling. Nodule and leaf measurements all varied 
as a function of time. Whereas the general trend was positive 
with time, this was not the case with variable Y8 (NO^ ). Vari­
ables Yl, Y4, Y? and Y8 all responded to nitrogen levels as 
shown in Table $0. There was significant variation both above 
and below the controls for these variables. In Table 5I» the 
general pattern over each nitrogen treatment is an increase 
over time. This, however, is not a consistent nor an addi­
tive type of relationship over all levels of nitrogen. These 
interactions will be presented graphically in discussion to 
provide more thorough elucidation of the interaction. Table 
52 lists the means for each date of sampling for all variables. 
Y1-Y6 and YlO-Yll showed significance as present in the table. 
The dramatic increases displayed in Table 49 are not present 
in this table. Nitrogen levels were effective in altering 
variables Y3, Y6, Y7, Y8, YIO, and Yll as shown in Table 53» 
Interactions between nitrogen and time of harvest for vari­
ables YIO and Yll are especially interesting. Variations from 
control over time, relative to the level of nitrogen are not 
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Table 49. Mean values over all replicates and nitrogen levels 
for date of sampling, variables Yl-Yll, Stage 3» 
Experiment I (1970) 
Date 
Variable 1 2 3 
Yl^  .35 a .78 1.34 c 
Y2^  4.29 a 10.65 b 34.76 c 
Y3^  28.81 a 30.39 b 55.70 c 
Y4^  .48 a .74 b 1.11 c 
Y5^  .019 a .024 b .013 b 
Y6^  29.47 a 41.81 b 91.81 c 
Y7^  .011 a .014 b .013 b 
Y8^  49.22 a 78.44 b 69.56 c 
Y9^ 4.41 a 5.37 b 5.12 c 
YIO* 4.01 a 5.11 a 7.53 b 
Yll% 1.94 a 3.84 b 8.63 c 
M^eans followed by the same letter are not significantly 
different at the level of probability. 
M^eans followed by the same letter are not significantly 
different at the 1% level of probability, 
consistent, but they are different relative to both time and 
nitrogen level as indicated in Table 5^ * 
In Stage 7» mean effect and interaction differences were 
measured as indicated in Table 55 &nd 56. In Table 55 only the 
variable Y5 did not differ significantly between dates. The 
7? 
Table 50. Mean values over all replicates and dates of 
sampling for nitrogen levels. Variables Yl, Y4, 
Y7 and Y8, Stage 3t Experiment I (1970) 
Nitrogen 1 
(kg/ha) 
evel 
Form Yl Y4 Y7 Y8 
100 
300 
1.51 
.48 
c 
a 
.77 ab 
.71 ab 
.0124 ab 
.0142 be 
61.50 ab 
71.00 ab 
100 
300 
1.07 
.80 
be 
be 
.78 ab 
.74 ab 
.0122 
.0153 
ab 
•be 
59.67 ab 
78.42 be 
(100/3)3% 
(300/3)3% 
.80 
.60 
ab 
ab 
.86 b 
.66 a 
.0098 
.0161 
a 
c 
48.75 a 
86.83 c 
300 
0 
NH),N0-3+ 
TlSA-2,4-D 
Control 
.60 
.68 
ab 
ab 
.80 ab 
.78 ab 
.0122 
.0118 
ab 
ab 
60.83 ab 
58.92 ab 
M^eans followed by the same letter are not significantly 
different at the level of probability. 
measurements all reflect the decline in productivity and 
approaching cessation of growth in the soybean. 
Correlation, coefficients (1970) 
The correlation matrices for each stage of treatment are 
presented in Tables 57» 58 and 59* Correlations did not main­
tain the same association when compared over the different 
stages which essentially were different experiments. This is a 
further indication of the ever changing status of the soybean 
relative to those parameters measured and will be dealt with 
in the discussion section. 
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Table $1. Mean values over all replicates for date of samp­
ling and nitrogen treatments. Variables y1 and 
Y3f. Stage 3» Experiment I (I97O) 
Nitrogen 
Variable (kg/ha) Porm 
Date 
Y1 100 (îîH>,)pSO^  
300 V  ^ q-
100 NE,.NO^  
300 
(130/3)3%: nhi-no, 
(300/3)3% ^ 
300 
0 
274-a 
23 100 (NSLigSOû 
300  ^
100 NS^ NO 
300 :> 
(130/3)3x: nehnoc 
(300/3)3% ^ 
300 N5,,N0c-i  
2T4-5 
0 
.30 .75 3.50 
.25 .47 .72 
.^5 1.15 1.60 
.35 .92 1.15 
.42 .92 1.05 
.27 .42 1.10 
.37 .77 .67 
.35 .80 .90 
23.15 30.02 72.55 
21.77 27.25 60.92 
23.97 30.22 57.87 
25.35 28.90 44.32 
26.00 35.37 49.77 
24.60 29.70 46.32 
28.12 34.15 52.60 
25.55 27.47 61.20 
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Table 52. Mean values over 
for each date of 
(1970) 
all replicates 
sampling. Stage 
and nitrogen levels 
5, Experiment I 
Date®-
Variable 1 2 3 
Y1 o40 a 2.53 b 5.00 c 
Y2 13.79 a 39.01 b 338.00 b 
Y3 37.70 a 45.39 a 62.74 b 
Y4 
.95 a 1.09 a 1.34 b 
Y5 .0196 a .0233 b .0246 b 
Y6 51.92 a 86.96 b 105.75 c 
Y7 .0114 .0094 .0106 
Y8 60.79 49.67 54.21 
Y9 5.31 5.37 5.14 
YIO 3*65 a 3.58 a 10.46 b 
Yll 2.85 a 3.63 a 16.38 b 
e^aris followed by the same letter are not significantly 
different at the 1% level of probability. 
Table 53» Mean values over all replicates and dates of sampling for each level of 
nitrogen, Stage 5, Experiment I (1970) 
_ Variable* 
(kg/ha) Form Y3 Y6 Y? Y8 YIO Yll 
100 (NH/,)^ 80;, 40,8l a 68.92 ab .0102 ab 2^.00 ab 4,43 a 4.38 a 
300 49,77 ab 06.58 be ,0115 ab 60.75 abo 6 . 3 6  ab 8.14 bo 
100 NHkNOo 58,69 b 97.00 cd .OO9I ab 48.92 ab 5.44 ab 7.92 abc 
300 52,96 ab 91,92 c .0080 a 40.75 a 7.89 b 12.47 c 
300 NHnNO.4- 41,16 ab 65,00 a ,0144 b 76,75 c 5.22 ab 5,86 ab 
TXBA •- 2f4-D 
0 48.34 ab 79.83 bo ,0095 ab 50.17 ab 6.03 ab 6.98 ab 
®Means followed by the same letter are not significantly different at the 5% 
level of probability. 
Table 5'U Mean values over all replicates for„each date of sampling and nitrogen 
level, Stap-;o 5t Experiment I ( 1970) 
YIO Yll 
Date Date 
Form ],evel 1 ?. 3 1 2 3 
SO4 
100 
300 
3,62 
3,25 
0 
a 
2,92 
3,42 
a 
ab 
6,75 
12,40 
abc 
de 
2,65 
2.07 
a 
a 
2.27 
3.62 
a 
ab 
8.22 
18.72 
abo 
d 
NH^NOj 100 
300 
1|.22 
2,00 
abo 
a 
3.40 
4.74 
ab 
abc 
8.70 
16.12 
bod 
0 
3.85 
2,35 
ab 
a 
4,20 
4,77 
ab 
ab 
15.70 
30.03 
od 
0 
NHi.NOo-i 
2,4-D 
300 3.30 a 2,72 d 9,65 cd 3.37 ab 2.20 a 11.97 bed 
Control 0 4,70 4,24 9.20 2.85 a 4.72 ab 13.37 bod 
M^eans followed by the same letter are not significantly different at the 
level of probability, 
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Table 55» Mean values over all replicates and nitrogen 
levels for each date of sampling, Stage 7» 
Experiment I (1970) 
Date 
Variable August 22 September 3 
Y1 2.86 6.40 
Y3 25.98 12.34 
Y3 63.77 46.31 
Y4 1.34 .96 
Y5 .0229 .0224 
Y6 92.67 65.04 
Y7 .0133 .0093 
Y8 52.50 25.62 
Y9 4.00 2.82 
YIO 14.57 .16 
Yll 19.89 .18 
Table 56» Moan values over a3.1 replicates for each level of nitrogen and date of 
fioinpling, Experiment I, Stage 7 (I97O) 
Variable 
y? 
Y8 
Niti'ogen 
( kp;/ha ) Form 
Date 
100 
300 
100 
300 
300 
0 
100 
300 
100 
300 
300 
0 
NH^ NO^  
Nil,jNO-yi TIBA' 2,4-1) 
8-22 
,0102 ab 
.0115 abc 
,0l42 abc 
.019?. c 
.014? abc 
,0100 ab 
42.50 ab 
45.50 abc 
54,00 be 
71.50 c 
58,50 bo 
43.00 ab 
9-3 
,0100 ab 
.0122 abc 
,0072 a 
,0072 a 
.0074 a 
.0174 bo 
28,00 a 
30.25 ab 
20,75 a 
20,00 a 
22.25 a 
32,50 ab 
M^eans followed by the same letter are not significantly different at the 
leve!) of probability. 
Table 5?» Correlation matrix and levels of significance, Stage 3» Experiment I (1970) 
Y1 Y?. Y3 Y^ Y5 Y6 Y? Y8 Y9 YIO YLL 
Y1 1.00 
Y 2 .33#* 1.00 
Y3 
.55** -,64#* 1,00 
Y4 . 51* -.62* .85 1.00 
Y5 .22 - « 06 -.09 .33* 1.00 
Y6 
.51* .91* . 91* .81* -.07 1.00 
Y7 .04 .11 .03 -. 04 .01 .08 1.00 
Y8 .09 • L6 . 06 .03 .07 .12 .99* 1.00 
Y9 .29** .33* ,28** .38* .25** .34** .31 .52* 1.00 
YIO . L6 .32* .42* .49* .14 .40* -.13 — . 08 .20 
Yll .30* ,46* ,65* .76* .20 .61 -.11 -.27 .24 
**Significant at the level of probability; ^ Significant at the \% level of 
probability. 
Table 58. Correlat 
(1970) 
Ion matrix and levels of siçnificance, stage 5f Experiment I 
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO Yll 
Y1 1,00 
Y2 ,28** 1.00 
Y3 .59* 1.00 
Y4 ,50* .53* .89* 1.00 
Y5 ,26 .08 -.02 
.35* 1,00 
Y6 ,46* .88* .90* ,81* .05 1,00 
Y? ,08 -.27** 
-.37* -.35* -,13 -.35* 1.00 
Y8 - ,12 -. 26 
-,3^ *^ -,36* -.21 -.31** .98* 1.00 
Y9 -.16 .27** .09 -,05 -.27** .18 - ,07 .11 1,00 
YIO .31** .23 ,42** .50** .32** .31** — .  08 -.13 -,26 1,00 
Yll 
.39* .32** . 64* ,74* .35* .56* " ,  18 -,23 - ,27** .91* 1,00 
##81gnlfleant at the level of probability; *8lgnlfleant at the \% level of 
probability. 
Table 59» Correlation matrix and levels of significant, Stage 7» Experiment I 
(1970) 
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO Yll 
Y1 1,00 
Y2 -.43*' 1,00 
Y3 -,21 ,60* 1,00 
Y4 
-.15 ,48* ,76* 1,00 
Y5 .01 -,10 -.41* ,188 1,00 
Y6 - ,22 ,78* .97* ,74* -,35** 1,00 
Y7 -,36** .33* -.13 - .21 -.09 -.11 1.00 
Y8 
-,51* ,26 .05 -.03 -.09 - .09 .92* 1.00 
Y9 
-.57* ,54*' .43* ,42** -.03 .48* .23 .57* 1.00 
YIO -,62* 
.53 .37** ,40** - * 05 .42** .36** . 61** . 81* 1.00 
Yll 
-.57* .32* .51* ,62* .00 .33* .18 .41* .75* .92* 1.00 
**Significant at the level of probability; ^ Significant at the \% level of 
probability. 
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Experiment II 
Table 60 is a listing of data collected and analyzed 
with the following model: Y1-Y13 = A(I) +(B(J) + AB(IJ)) + 
C(K) + D(L) + CD(KL) + AC (IK) + AD(IL) + ACD(JKL) -r E( IJKL) 
(A = light; 3 = replications; C = varieties; D = nitrogen). 
Tables 6l, 62 and 63 are a composite of P values for variables 
Y1-Y5# Y6-Y9 and Y10-Y13» respectively. The light mean ob­
servations over all treatment levels are listed in Table 64. 
(Refer to Table 60 for correct variable values and listings.) 
In Table 64, it can be seen that for variables Y1-Y6, the 
response of soybeans to 25-6 f,c, and 6-4 f.c, of light was 
different than either the 4-2 f.c, or 2-1 f.c. treatments which 
were not significantly different from each other. It is ob­
vious from the information in this table that the light treat­
ments imposed significantly affected all variables except 
yield which showed a trend for an increase in Tier 4 over Tier 
1, Light treatment effects, however, were not all consistent. 
Table 65 contains the mean observations for all varieties 
over each treatment. The varieties differed for all variables 
except yield. The order of maturity (Y5) was Hark, Earosoy 
Dtg, Earosoy and then Calland. 
Table 66 is a listing of the mean observations for nitro­
gen treatments. Significant differences were obtained only be­
tween the nitrogen means of variables YL, Y6, Y8, Y9» Appli­
cation of nitrogen on July 20 appeared to delay the occurrence 
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Table 6 0 .  Data collected for analysis. Experiment II (1970) 
Variable Measurement 
Y1 Days from planting to Stage 3.5^  
Y2 Days from planting to Stage 5.0 
Y3 Days from planting to Stage ON
 
0
 
Y4 Days from planting to Stage 7.0 
Y5 Days from planting to Stage 
(physiological maturity) 
0
 
0
 
H
 
Y6 Days between Stages 3»5 and 6  
Y? Days between Stages 6 and 7 
Y8 Days between Stages 6 and 10 
Y9 Days between Stances 7 and 10 
YIO Plant height in centimeters 
Yll Degree of lodging: 0 = upright; 
5 = prostrate 
Y12 Yield in grams per plot 
YI3 Grams per 100 seed 
Y14 Seeds per plot 
K^alton et al. (1924.9), 
of Sta%e 6 (Y6) but the delay due to nitrogen was compensated 
for by a short period between Stages 6 and 10 (Y8), The 
difference between developmental stages, caused by nitrogen, 
apparently is not measureably reflected in yield. 
Table 61, F-valuea for variables Y1-Y5 and Indicated levels of significance, 
Experiment II (1970) 
Variable 
Due to df YL Y2 Y3 Y4 Y5 
A (lights) 3 322,91* 126.62* 91.95* 70.87* 494,94* 
Error a NS 8 9.53 5.27 5.94 20,53 2.34 
C (variety) 3 26,30* 93.27* 72,24* 21,92* 181,33* 
D (nitrogen) 1 3,59*** ,72 1,91 2,60 1,58 
C X D 3 , 06 .38 2.07 2,71*** 1,29 
A X C 9 4,60## 6.85*# 2.03 2,79*** 16.51* 
A X D 3 .75 .88 .63 1.63 ,83 
A X C X D 9 1.08 .55 1.90 3.12 .41 
Error MS 56 14.21 5.19 6,69 23.10 6.31 
Total 95 
***8lRnlfleant at the 10^  level of probability» ##61gnlfleant at the 5/^  level 
of probability; ^ Significant at the 1^  level of probability. 
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Table 62. F-values for variables y6-Y9 and indicated levels 
of significance, Experiment II (19?0) 
Variable 
Due to df y6 Y7 Y8 Y9 
A (lights) 3 64.33* 13.10* 61.06 16.46* 
Error a MS 8 16.28 18.78 3.51 20.79 
C (variety) 3 5.86* 1.86 10.24* 5.83* 
D (nitrogen) 1 5.67** .72 3.23** 3.93*** 
C X D 3 .69 1.19 1.51 2.43*** 
A X C 9 3.66* 1.29 5.21* 3.43* 
A X D 3 .49 1.19 .20 1.38 
A X C X D 9 .78 2.01** 1.88*** 
Error MS 56 20.25 24.21 14.02 30.33 
Total 95 
«•a-M-Sifpnificant at the 10% level of probability; **Sig-
nificant at the y/» level of probability; ^ Significant at the 
1% level of probability. 
Table 63. P-values for variables YIO-YI3 and indicated levels 
of significance. Experiment II (1970) 
Due to df 
Variable 
YIO Yll Y12 YI3 
A (lights) 3 20.10* 32.00* .28 2.58* 
Error a MS 8 109.56 .36 845024.75 .60 
C (variety) 3 7.60* 3.41** 1.05 8.82* 
D (nitrogen) 1 .00 .10 .12 1.72 
C X D 3 2.53*** 1.18 2.10 4.01** 
A X C 9 1.35 1.97** .70 1.43 
A X D 3 .70 1.40 .92 .44 
A X C X D 9 1.95 2.46** .67 1.64 
Error MS 162.86 .07 112567.25 .27 
***Si%niflcant at the 10^  level of probability; **Signlfi 
cant at the level of probability; «-Significant at the 1% 
level of probability. 
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Table 6^ « Mean values over all replicates, varieties and 
nitrogen levels for each light treatment, Experi­
ment II (I970) 
Variable 
Light in foot candles®' 
25-6 6-4 4-2 2-1 
Y1 73.0 a 60.7 b 49.2 c 49.2 c Y2 79.7 a 74.1 b 69,1 c 68.3 0 
Y3 87.7 a 83.3 b 78.2 c 77.5 c Y4 97.8 a 97.7 b 82.5 c 82.6 c 
Y5 138.1 a 126.7 b 123.4 c 123.3 c Y6 14.7 a 22.6 b 29.0 c 28.3 c 
Y7 10.2 a 14.4 a 4.4 b 5.1 b 
Y8 50.5 a 43.5 b 45.0 b 45.8 b 
Y9 40.3 a 29 .0 b 40.8 a 40.7 a YIO 149.9 a 139.8 b 127.9 C 124.1 c 
YLL 4.6 a 3.9 b 3.5 c 2.9 d Y12 2772.4 2842.0 2875.3 3010.0 
YI3 16.13 a 16,40 a 16.80 b 17.02 b 
N^umbers followed by the same letter are not significant­
ly different at the 1$ level. 
Table 65. Mean values over all replicates, lights, and nitro­
gen for each variety. Experiment II (1970) 
Variety^  
Variable Calland Hark Harosoy Harosoy Dtg 
Y1 62.5 a 52.9 b 58.5 c 58.1 c 
Y2 79.1 a 08.6 b 72.5 0 70.1 d 
Y3 88.2 a 78.3 b 80,8 c 79.0 d 
Y4 97.2 a 85.1 c 90.4 b 86.1 c 
Y5 137.9 a 122.8 c 127.1 b 123.7 c 
Y6 25.7 a 25.4 a 22.3 b 21.0 b 
Y7 7.0 6.8 9.6 6.7 
Y8 49.7 a 44.5 b 46.3 b 44.4 b 
Y9 42.7 a 37.7 b 36.7 b 37.7 b 
YIO 143.0 a 131.2 c 139.5 b 127.7 c 
Yll 3.8 a 3.6 c 3.8 a 3.7 b 
Y12 2921.5 2942.5 2845.1 2790.6 
YI3 16.56 b 16.16 c 16.73 a 16.90 a 
N^umbers followed by the same letter are not significantly 
different at the 5^  level. 
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Table 66, Mean values over all replicates, lights and vari­
eties for each nitrogen treatment, E^ roeriment I 
(1970) 
Nitropren^  
Variable 
0 kg/ha 
(Stage 5) 
100 kg/ha 
(Stage 5) 
Y1 58.7 57.3 
Y2 73.0 72.5 
Y3 81.3 82.0 
Y4 88.4 90.0 
Y5 128.2 127.6 
Y6 22.5 a 24.7 b 
Y7 7.1 8.0 
Y8 46.9 a 45.5 b 
Y9 39.8 37.6 
Y1Û 135.4 135.4 
Yll 3.7 3.7 
Y12 2862.9 2887.0 
Y13 16.7 16.5 
N^-ombers followed by different letters are significantly 
different at the level of probability. 
In Table 6?, the means for the significant variety by 
nitrogen interactions are recorded with the corresponding 
levels of significance as indicated. Nitrogen delayed Stage 7 
(Y^ ) more for Hark and Karosoy than for Calland and Earosoy 
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Table "6?, Mean values for all significant variables over 
replicates, and lights for each level of nitrogen 
and variety. Experiment II (1970) 
Nitrogen 
Variable 0 100 kg/ha 
Y4*** Calland 95.7 Calland 97.7 
Hark 84.2 Hark 86.0 
Harosoy 87.3 Harosoy 93.4 
Harosoy Dtg 86.3 Harosoy Dt2 85.8 
Y9*** Calland 41.9 Calland 43.5 
Hark 38.7 Hark 36.7 
Harosoy 40,0 Harosoy 33.2 
Harosoy Dt2 38.5 Harosoy Dt2 36.8 
YIO*** Calland 143.2 Calland 143.3 
Hark 131.9 Hark 130.5 
Harosoy 134.1 Harosoy 144.8 
Harosoy Dtg 132.4 Harosoy Dtg 123.0 
Yll** Calland 3.8 Calland 3.7 
Hark 3.6 Hark 3.6 
Harosoy 3.9 Harosoy 3.8 
Harosoy Dt2 3.6 Harosoy Dt2 3.8 
***8ignificant at the 10% level of probability; **Signifi-
cant at the 5^  level of probability. 
Dtg and, again, the delay was overcome by a shorter period 
between Stages 7 and 10 (Y9). Nitrogen increased the height 
of Harosoy and decreased the height of Harosoy Dtg but it 
appeared to increase lodging of Harosoy Dtg* It should be 
pointed out that variables Y4, Y9, and YIO only display sig­
nificance at the 10% level of probability. 
Several significant light x variety interactions are 
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observed in Tables 6l, 62 and 63. The means for these are 
reported in Table 68, One of the interactions was the dif­
ferences between the responses of the late variety Calland 
and the other varieties to light intensities. At the low 
light intensities earliness was expressed whereas at high 
intensities earliness was not expressed (Yl, Y2, The 
Y6 X Y9 interaction will be discussed later. The interaction 
of lodging (Yll) was due to relative greater reduction in 
lodging of Harosoy Dtg at the low light intensity. 
Tables 69, ?0, 71 and 72 are presented specifically for 
discussion of Experiment II. Table 7I provides base compari­
son data which can be used to relate the light treatment 
effects recorded in Sxperiment II, and presented in Tables 
69 and 70, to normal response of a similar variety (Hark), 
Little difference is observed between Hark in Tier 4 and Hark 
from an adjacent experiment. The primary purpose of the data 
presented is to relate varietal responses to non typical 
photopericds, i.e., photoperiods which are not similar to 
these relatively specific areas of varietal adaptation. Im­
portant relationships relative to the percent of total time 
of development which a certain selected stage during develop­
ment occupies are presented in Table 70. Data in Table 70 are 
calculated using information from Table 69. Also included in 
Table 70, along with the percentage data, are rates of 
dry matter accumulation. Additional information designed to 
relate seed numbers to plant development are presented in 
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Table 68. Mean values for all significant variables over 
replicates and nitrogen levels for levels of light 
and varieties. Experiment II (1970) 
Lights in foot candles 
Variable Variety 25-6 6-4 4-2 2-1 
Yl** Calland 73.3 70.0 55.0 51.8 
Hark 72.2 53.7 43.2 42.7 
Harosoy 73.0 59.2 48.0 53.8 
Harosoy Dtg 73.0 59.8 50.7 48.7 
Y2** Calland 81.5 79.5 78.7 76.7 
Hark 78.0 70.0 63.0 63.3 
Harosoy 79.7 75.2 68.0 67.0 
Harosoy Dtg 79.5 71.8 66.7 66.0 
Y5* Calland 139.0 138.7 138.0 135.8 
Hark 135.8 120.2 117.0 117.8 
Harosoy 140.0 126.0 121.0 121.1 
Harosoy Dt2 137.7 122.2 117.0 118.0 
Y6* Calland 19.2 20.7 30.3 32.5 
Hark 11.3 24.5 32.7 33.0 
Harosoy 14.5 24.7 24.7 25.7 
Harosoy Dt^  13.8 20.7 24.7 25.7 
Y8* Calland 46.5 48,0 52.7 51.5 
Hark 52.3 42.0 41.7 42.2 
Harosoy 52.5 42.2 44.8 45.7 
Harosoy Dt^  50.5 41.7 41.7 43.8 
Y9* Calland 37.5 37.7 49.3 46.3 
Hark 40.8 35.3 37.5 35.2 
Harosoy 43.0 25.5 38.3 40.0 
Harosoy Dt^  39.8 33.7 38.0 39.1 
Yll** Calland 4.5 4.0 3.5 3.1 
Hark 4.3 3.9 3.5 2.7 
Harosoy 4.8 3.8 3.5 3.1 
Harosoy Dtg 4.7 3.8 3.4 2.9 
**Slgnificant at the level of probability; "^ Significant 
at the level of probability. 
Table 69. stage interval, yield, lodging and height values. Experiment II 
Vari­
ety 
Variable 
Tier Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO Yll Y12 YI3* 
1 Call. 
Hark 
Har, 
Hntg 
75 
72 
73 
73 
81 
78 
80 
79 
91 
84 
87 
85 
103 
94 
96 
95 
134 
135 
141 
138 
16 
11 
14 
12 
12,0 
10,3 
9.0 
9,3 
47 
54 
52 
156 
144 
14? 
143 
4.7 
4.0 
5.0 
4.5 
2630 
2963 
2943 
2512 
15.5 
15.7 
16.6 
16.7 
2 Call. 
Hark 
Har, 
HDtg 
70 
55 
80 
71 
75 
73 
89 
78 
81 
82 
101 
84 
89 
92 
139 
120 
126 
124 
19 
23 
22 
20 
11.3 
5.0 
8.3 
9,3 
49 
42 
45 
42 
38 
37 
37 
32 
139 
139 
138 
138 
2:? 
3.8 
3.7 
2658 
2942 
3051 
2691 
17.0 
16.0 
16.8 
16.3 
3 Call. 
Hark 
Har, 
HDtg 
u 
il-? 
52 
80 
67 
87 
74 
75 
89 
79 
84 
81 
138 
118 
122 
118 
32 
32 
27 
23 
2.0 
3.3 
9,7 
5.3 
g 
48 
43 
49 
39 
38 
38 
140 
122 
121 
138 
3.6 
3.5 
2781 
2873 
2724 
2737 
16.6 
16.7 
17.2 
17.1 
4 Call. 
Hark 
Har, 
HDtp 
& 
58 
49 
U 
11 7^  7^  
90 
80 
80 
78 
136 
118 
121 
119 
31 
33 
5.0 
3.7 
46 
45 
46 
38 
41 
41 
138 
122 
130 
110 
3.1 
2,6 
3.0 
2.8 
3175 
3425 
2771 
2927 
16,6 
17.2 
17.2 
17.1 
*3000 grams " 45 bushels per acre, 
Table 70, Stage interval, percentages, ratios and dry matter accumulation rates. 
Experiment II (1970) 
Stap;e Interval days 
Tier Variety 
Calland 
Hark 
Harosoy 
Harosoy Dtg 
Calland 
Hark 
Harosoy 
Harosoy Dtg 
Calland 
Hark 
Harosoy 
Harosoy Dtp 
Calland 
Hark 
Harosoy 
Harosoy Dtg 
0-10 
Y5 
135 
141 
138 
139 
120 
126 
124 
138 
118 
122 
118 
136 
118 
121 
119 
0-3.5 
Y1 
75 
72 
73 
73 
70 
55 I: 
47 
52 
at 
0-6 
Y3 
3,5-6 
Y6 
6-7 
Y7 
7-10 
Y9 
91 16 12,0 35 
84 11 10.3 4l 
87 14 9.0 45 
85 12 9,3 43 
29 '19 11.3 38 
78 23 5.0 37 
81 22 8.3 37 
82 20 9,3 32 
87 32 2,0 49 
76 32 3,3 39 
74 27 9,7 38 
75 23 5.3 38 
85 31 5.7 46 
76 33 4,3 38 
75 16 5,0 41 
74 25 3,7 41 
Yield 
g/plot 
Y12 
2630 
2963 
2943 
2512 
2658 
2942 
3051 
2691 
2781 
2873 
2724 
2737 
3175 
3425 
2771 
2927 
vO 
o\ 
Table 70, (Continued) 
Tier Variety 
-
il 
% 
1 Calland 68 
Hark 62 
Harosoy 62 
Harosoy Dt2 62 
2 Calland 64 
Hark 65 
Harosoy 64 
Harosoy Dtj 66 
3 Calland 63 
Hark 64 
Harosoy 61 
Harosoy 64 
4 Calland 63 
Hark 6^ ]-
Harosoy 62 
Harosoy Dt2 62 
B c 
y6/y5 Y7/Y8 
% 
12 8 
8 8 
10 6 
8 7 
14 8 
19 4 
17 7 
16 8 
23 2 
27 3 
22 8 
19 4 
23 4 
28 4 
23 4 
21 3 
/ 
D E F G 
Y9/Y5 Y12/Y5 Y12/Y9 Y1/Y5 
% g/day g/day % 
26 19.62 75.14 
.55 30 21.95 72,26 
.53 
32 20,87 65,40 .51 
31 18,20 58.41 52 
27 19,12 69,94 ,50 
31 24.52 79.95 .45 
29 24,21 82.45 .46 
25 21,70 84,09 .50 
35 20,15 56.75 .39 
33 24,34 73.66 .37 
31 22,33 71.68 .38 
32 23.19 72.02 .44 
34 23.34 69,02 
.39 
32 29.02 90.13 
.35 
34 22.91 67.58 .47 
34 24.60 71.39 .41 
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Table 71. Comparative data for Hark soybeans, Experiment II 
and Experiment III 
Experiment II 
Variable (Tier 4) Variable Experiment III 
Y1 (0-3.5) 42 days Y1 42 
Y2 (0-5) 62 Y2 61 
Y3 (0-6) 76 Y3 73 
Y4 (0-7) 80 Y4 80 
Y5 (0-10) 118 Y5 116 
Y6 (3.5-6) 33 y6 32 
Y7 (6-7) 4.3 Y7 6.3 
Y8 (6-10) 42 Y8 43 
Y9 (7-10) 38 Y9 36 
YIO (P-maturity 122 YIO (H-maturity 128 
Yll (lodge) 2.6 Yll (height) 102 
Y12 (yield) 3425 Y12 (lodge) 2.5 
YI3 (seed wt) 17.2 YI3 (yield) 3063 
Y14 (seed number) 19912 Y14 (seed wt) 16.1 
YI5 (seed number) 19024 
Y1/Y5 35  ^ Y1/Y5 36  ^
Y3/Y5 64  ^ Y3/Y5 63  ^
Y6/Y5 28  ^ Y6/Y5 27  ^
Y7/Y5 4^ Y7/Y5 5^ 
Y9/Y5 32  ^ Y9/Y5 313 
Y12/Y5 29. 02 g/day Y13/Y5 26.4 g/day 
y12/y9 90.13 g/aay Y13/Y9 85.1 g/day 
YlVYl 35^  seed/day Y14/Y1 371 seed/day 
Y14/Y6 603 seed/day YI5/Y6 487 seed/day 
Y14/Y9 524 seed/day Y15/Y9 433 seed/day 
Table 72. Table 71 is the control table with adjusted seed 
nimber yield. It is interesting to observe the apparent light 
effect upon seed numbers in Table 72. The light treatment 
developed considerably more seeds than Hark (Table 71) under 
a no light condition. It can be seen in Table 69 that the 
general plant response to photoperiod interruption was to 
Table 72, Seed number and stage ratios, Experiment II 
Seed yield Staples Ratios 
Tier Variety y12 y i3  y14® y1 y6 Y9 y14/y1 y14/y6 y14/y9 
1 Calland 
Hark 
Harosoy 
Harosoy Dtg 
2630 
2963 
2943 
2512 
15.5 
15 .7  
16.6 
16.7 
16967 
18872 
17728 
15041 
75 
72 
73 
73 
16 
11 
14 
12 
226 
262 
242 
206 
1060 
1715 
1266 
1253 
484 
460 
393 
350 
2 Calland 
Hark 
Harosoy 
Harosoy Dtg 
2658 
2942 
3051 
2691 
17,0 
16.0 
16.8 
16,3 
15794 
18387 
I8I60 
16503 
70 
55 
19 
23 
22 
20 
38 
37 
37 
32 
225 
334 
313 
266 
831 
799 
825 
825 
415 
497 
490 
515 
3 Calland 
Hark 
Harosoy 
Haroaoy Dtg 
2781 
2873 
2724 
2737 
16.6 
16.7 
17.2 
17.1 
i6753 
17203 
15837 
16005 
47 
52 
32 
32 
27 
23 
49 
39 
38 
38 
304 
390 
336 
307 
523 
537 
587 
695 
341 
441 
417 
421 
4 Calland 
Hark 
Harosoy 
Harosoy 
3175 
3425 
2771 
2927 
16,6 
17 c 2 
17.2 
17 .1  
19126 
19912 
16110 
17116 
: 31 33 
16 
25 
46 
38 
41 
4l 
354 
474 
277 
349 
616 
603 
1006 
684 
416 
524 
392 
417 
*(Y12/Y13) X 100 « seed/plot = Yl4. 
100 
delay maturity and developmental rate in general for all 
variables (Yl, 2, 3» 4, 5» 6, ?, 8, 9t 10) and varieties. 
Variables Yll, 12, and 13 also were altered by photoperiod 
interruption, Calland maturity (Y5) was noticeably unaffected 
by light treatment but did vary over light treatments within 
Variable Yl and variable YD which was shortened while Y? was 
lengthened. The length of time in pod filling (Y9) also was 
lengthened. Tables 70» 71» and 72 present the ratios designed 
to relate plant development to certain logical relationships 
and rates of development. Table 71 is to be used as a compari­
son to accentuate light effects. In Table 70, the ratios are 
presented as a percentage of the total life cycle and dry 
matter accumulation rates. The percentages did not vary for 
ratio A and only negligible variation was observed for 
variable D. Variables B and C, however, varied over the 
different light treatments. Differences in rates of accumu­
lation (ratio P) also were observed as being affected by 
lip-ht treatments. (A comparison of these variables should 
be made with Table 71 for a more thorough understanding of 
light effects.) 
Corrélation coefficients 
Table 73 is the complete correlation matrix for variables 
Y1-Y13 as listed in Table 60. 
I 
Table 73» Correlation coefficients, Experiment II (1970) 
Y1 Y2 Y3 Y4 Y5 Y6 
Y1 1.00 
Y2 .81* 1.00 
y3 .76* .86* H
 
0
 
0
 
Y4 .74* .77* .81* 1.00 
Y5 .76* .91* .84* .69* 1.00 
Y6 -.84 -.47* -.26** -.42* -.42* 1.00 
Y7 .42* .34* .26** .77* . 23  -.40* 
y8 .44* .57* .28* .25 .76* -.41* 
Y9 —. 01 .15 .01 —. 40* .38* .02 
YIO 
.58* .63* .59* . 60* .57* — .38* 
YLL .77* .65* .59* .63* .61* -.62* 
Y12 
-.19 -.13 — • 06 -.18 -.04 .23 
YI3 -.41* 
-.33** -.28** -.34* -.26** .40* 
**Significant at the level of probability* *Signifi 
cant at the \% level of probability. 
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Y? Y8 Y9 YIO Yll Y12 Y13 
1.00 
.10 1.00 
-.68* .64* 
o
 
o
 
H
 
.37* .32** 
0
 1 1.00 
.40* .37* -.04 .51* 1.00 
CM 1 1 o
 
H
 
.20 —• 10 
H
 
CM r 1.00 
-.28** -.13 .13 -.35* -.44* .27** 
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N"jm"ber of leaf nodes and dry matter 
Table 74 lists additional data collected on light regimes 
one (25-6 f.c.) and four. Table 75 is the consolidation of F 
values for the ANOV with the following model: Y(I) = A(J) + 
B(K) -r C(L) 4- SC(KL) -r E( JKL) ; A = reps; B = variety; C = 
nitrogen, 
•Table 74. Data collected for analysis on Experiment II light 
regime one and four 
Variable Measurement 
Y1 Leaves on July 28, 1970 
Y2 Leaves after July 28, 1970 
Y3 Pod height above ground (cm) 
Y4 Straw weight in kg/plot 
These data were collected for two separate light treat­
ments but analyzed as separate experiments. In Table 76 are 
found the varietal means for each light regime iJSOV, A 
definite light effect is observed with varieties displaying 
differential response. 
Experiment III 
Table 77 is a listing of all data collected and analyzed 
with the following model; Y(IJKLM) = A( I) -i- B(J) + C(K) + 
D(L) + P(X) -r 3C(JK) -r 3D(JL) -r B?(JM) + CD(KL) -r C?(KM) + 
Table 75» F values for variables Y1-Y4 (Table 74) and associated levels of sig­
nificance for Experiment II, iip;ht regime one and four, Experiment II 
1970 
Lights 
25-5 f. c. 2-1 f ,c. 
Due to df Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 
A (reps) 2 1.35 2.3 4.23 1 • 46 1,80 ,96 1.14 4,10 
B (varieties) 3 4,37#** 4.08*** ,50 6.99** 1,10 4,70** .24 20.09* 
C (nitrogen) 1 .38 .52 1.75 ,00 .67 .21 0
 
0
 
3.53*4 
B X G 3 .19 3.31*** 2,5 2,37 1,6 ,86 .73 .16 
Error MS 14 1.75 3.93 50.23 ,82 1.55 4.81 41.26 .41 
#**8ignificant at the 10^  level of probability; **Signlfleant at the level 
of probability? S^ignificant at the 1^  level of probability, 
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Table 76. Mean values for all variables over replicates and 
nitrogen treatment for each variety. Experiment II 
(197O) 
Lights 
25-5 f.c. 2—1 f.c# 
Vari­ Vari­
able Variety able Variety 
Y1 Calland 14.7 Y1 Calland 13.8 
Hark 12.2 Hark 13.7 
Harosoy 12.5 Harosoy 13.8 
Harosoy Dtg 12.7 Harosoy Dtg 14.8 
12 Calland 9.2 Y2 Calland 7.7 
Hark 8.2 Hark . 6.0 
Harosoy 5.5 Harosoy 5.8 
Harosoy Dtg 8.7 Harosoy Dtg 3.0 
Y3 Calland 25.7 Y3 Calland 22.2 
Hark 23.5 Hark 19.2 
Harosoy 27.2 Harosoy 20.7 
Harosoy Dtg 22.7 Harosoy Dtg 19.8 
Y4 Calland 9.1 Y4 Calland 6.2 
Hark 6.9 Hark 4.4 
Harosoy 7.3 Harosoy 3.8 
Harosoy Dtg 7.7 Harosoy Dtg 3.6 
D?(L>I) -r 3CD(JKL) 4- 3CF(JKI4) -f BDP(JIJXI) 4- CD?(KLM) 4- BCDF(JKLM) 
•f S(IJKLM); A = replication; B = varieties; C = kinetin; D = 
apices removal; S = roor pruning, 
Sables ?3, 79, and SO are a composite of all F values for 
variables Yl-Y^ , y6-Y9 and YIO—Yl4, respectively* 
Soybean variety means over all treatment levels are 
listed in Table 81, (Refer to Table 77 for proper variable 
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Table 77. Data collected for analysis. Experiment III (1970) 
Variable Measurement 
Y1 Days from planting to Stage 3.5^  
Y2 Days from planting to Stage 5.0 
Y3 Days from planting to Stage 6.0 
Y4 Days from planting to Stage 7.0 
Y5 Days from planting to Stage 
(physiology maturity) 
H
 
0
 
0
 
Y6 Days between Stages 3*5 and 6 
Y7 Days between Stages 6 and 7 
Y8 Days between Stages 6 and 10 
Y9 Days between Stages 7 and 10 
YIO Days to harvest maturity 
Yll Plant height in centimeters 
Y12 Degree of lodging; 0 = upright; 
5 = prostrate 
YI3 Yield in grams per plot 
Y14 Grams per 100 seed 
YI5 Seed number 
K^alton et al. (I949), 
values and listing.) In ail attributes measured, "but one, 
Wayne gave higher values than Eark. In variable Y6 this 
observed trend was interestingly reversed. 
It can be seen by looking at variables Y1-Y5 that the 
Table 78, F~values for variables Y1-Y5 and Indicated levels of significance. 
Experiment III (I970) 
Due to 
Degrees 
of 
freedom 
Variable 
Y1 Y2 
A (reps) 2 4,86** 
B (varieties) 1 1510,64* 
C (kinetln) 2 .03 
D (tops) 1 1.05 
F (roots) 2 .51 
B X C 2 1.02 
B X D 1 
.47 
B X P 2 1.55 
C X D 2 2.07 
C X F 4 1.62 
D X F 2 .36 
B X C X D 2 . 60 
B X C X F 4 . 68 
B X D X F 2 .89 
C X D X F 4 1.44 
B X C X D X F 4 1.09 
Error MS 70 2.83 
Total 107 
6,97* 
1161,08* 
2.38*** 
1.39 
.23 
1,74 
.01 
. 66 
. 68 
1.65 
.43 
,13 
1.93 
.27 
.19 
.33 
4,51 
Y3 
. $4 
717,99* 
2.77*** 
10 . 4 3 *  
2,92*** 
.75 
1.43 
3.05*** 
1.58 
.40 
.53 
1.68 
1.51 
1.01 
1.59 
1.93 
2.59 
Y'l' Y5 
3,42** 
737.39* 
1,14 
17.83* 
,31 
2.06 
6.62* 
2.86*** 
1.61 
1.87 
. 2 2  
1.25 
1.39 
1.13 
1.25 
1.48 
3.93 
1,00 
4598c55* 
2,33 
129.76* 
.37 
.18 
.99 
.74 
.74 
.65 
.29 
146 
1,04 
.39 
1,58 
***Slgnifleant at the 10^  level of probability; **Signifleant at the 5% level 
of probability; «Significant at the 1% level of probability. 
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Table 79» P-values for variables y6-Y9 and indicated levels 
of significance. Experiment III (1970) 
Variable 
Due to df y6 Y7 Y8 Y9 
A (reps) 2 1.36 1.92 1.27 2.93*** 
B (varieties) 1 94.34* 21.71* 380.74* 145.58* 
C (kinetin) 2 1.20 1.25 1.10 .04 
D (tops) 1 2.27 1.67 17.83* 5.50** 
P (roots) 2 1.77 2.28*** 2.05 .35 
3 X C 2 .40 .43 .26 .88 
3 X D 1 .11 8.17* 2.15 2.29 
3 X P 2 .71 .10 .86 1.10 
C X D 2 1.30 .10 .51 .79 
C X P 4 1.67 .53 .33 1.26 
D X F 2 .02 .02 .29 .11 
B X C X D 2 .58 .03 .47 .34 
B X C X F k 1.65 1.31 .81 .61 
B X D X F 2 .06 .12 .45 .44 
C X D X F 4 .05 .67 1.16 .76 
3 X C X B X F 4 .94 .39 1.33 .82 
Error MS 70 5.23 6.04 4.69 6.47 
Total 107 
***Si3niflcant at the 10^  level of probability; **Sig-
nifleant at the 5^  level of probability; ^ Significant at the 
1% level of probability. 
Table 80, P values for variables Y10-Y14 and indicated levels of sicnificance. 
Experiment III (19?0) 
Variable 
Due to df YIO Yll 
A (reps) 
B (varieties) 
C (kinetin) 
D (tops) 
P (roots) 
B X C 
B X D 
B X P 
C X D 
C X P 
D X P 
B X C X D 
B X C X P 
B X D X F 
C X D X P 
B X C X D X F 
Error MS 
Total 
2 
1 
2 
1 
2 
2 
1 
2 
2 
4 
2 
2 
4 
2 
4 
4 
70 
107 
5.86* 
5116,61* 
1.73 
84,30* 
.27 
.07 
2,65*** 
1.50 
1.14 
.32 
.99 
.02 
.38 
,40 
.63 
.38 
1.69 
6.84* 
293.75* 
2.49*** 
1507.59* 
4.18** 
1.29 
3.86*** 
2.11 
1.35 
1.14 
1.27 
1.25 
,40 
,26 
32,86 
Y12 
4.61* 
41.97* 
.00  
267.33* 
3.69** 
.10 
7.15* 
.59 
.72 
,08 
, 2 2  
.52 
.19 
.07 
,62 
,55 
Y13 Y14 
.02 
16.56* 
1.94 
2.02 
12.44* 
,85 
9.50* 
2.45*** 
.37 
.07 
,44 
.32 
.38 
.72 
,25 
,48 
.14 78069.00 
1.66 
567.15* 
1.75 
24.17* 
.32 
.26 
35.90* 
ûTe 
2.09*** 
1.55 
1. 54 
1.65 
1.80 
1,14 
2,04 
.25 
***Signifioant at the 10^  level of probability; **Significant at the 5# 
level of probability; *Signifioant at the 1^  level of probability. 
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Table 81. Mean values over all replicates, kinetic levels, 
root prunings and shoot apices removal treatments 
for two soybean varieties. Experiment III (1970) 
Variety^ 
Variable Wayne Hark 
Y1 53.6 41,1 
Y2 72,6 60,0 
Y3 80,1 72.5 
Y4 88.5 78,0 
Y5 131.0 114,0 
Y6 27.2 31.5 
Y7 7.6 5.4 
Y8 50,1 42,0 
Y9 42.5 36,6 
YIO 144,0 126.1 
Yll 98.5 79.6 
Y12 2,3 1,8 
Y13 3146.2 2927.4 
Y14 18.8 16.5 
Y15 17742 16735 
A^ll values in this table are significantly different at 
the 1% level of probability, 
chronological rate of development for Hark was faster than 
Wayne; that is to say that Hark reached any given stage from 
9 to 17 days before Wayne, The time during which Wayne could 
be identified as being between two stages was also greater for 
Wayne than Hark. This is indicative of the observed differ­
ences in rate of development. The one exception to these 
observations is that the time interval from Stage 3»5-6 for 
Hark was greater than the same interval for Wayne, 
Table 82 lists the means for kinetin treatments. Only 
three variables displayed any degree of significance relative 
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Table 82. Mean values over all replicates, root prunings, 
varieties and shoot removal for 3 times of kinetin 
application. Experiment III (1970) 
Stage of benzyl adenine application 
Variable None 2.5 9 
Y2 66.7 66.1 67.2 
Y3 77.2 76.5 76.4 
Yll 90.2 87.4 89.7 
to effect of kinetin treatments. Early development was 
hastened by kinetin treatment while plant height was decreased. 
Table 83 lists the means for shoot apex removal for those 
variables where significant. P-tests were obtained and yield 
which was not significant but does show a trend. The gen­
eral effect of top removal was to accelerate the rate of 
development, shorten the plant and increase the seed size. 
While yield was not found to be significantly different, a 
trend does exist which, when considering all factors affected, 
could be a real difference even though it is not indicated 
as such. 
Table 84 lists the means for all root pruning treatments, 
where significance was detected at the level of probability 
indicated, and other means of special interest. The net 
effect of root pruning was to shorten final plant height, 
decrease lodging and reduce yield. Pruning at Stage 4 was 
Ill 
Table 83. Mean values over all replicates, root prunings, 
varieties, kinetin treatment for shoot apices 
removal. Experiment III (I97O) 
Shoot apices 
Variable Not removed Removed 
Y3 77.2 76.2 
Y4 84.0 82.4 
Y$ 124.1 121.4 
Y8 46.9 45,2 
Y9 40.1 39.0 
YIO 136.0 133.9 
Yll 110.5 67.7 
Y12 2.6 1.4 
YI3 3075.0 2998.6 
Y14 17.4 17.9 
Table 84. Mean values for 5 variables over all replicates, 
shoot apices removal, varieties and kinetin treat­
ments for root pruninps. Experiment III (1970) 
Pruninc time^  
Variable None Stage 2 Stage 4-
Y3 76.2 77.1 76.7 
Y7 7.1 5.9 6.6 
YLL 90.9 A 89.3 B 87.1 c 
y12 2.1 a 2.1 a 1.9 b 
Yi3 3157.8 a 3102.8 a 2849.8 b 
M^eans followed by the same letter are not significantly 
different at the 5^  level of probability. 
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most detrimental to yield. While the difference in the 
number of days from Stage 6 to Stage 7 only approaches sig­
nificance, I feel it justifies reporting because of the dif­
ference between means, which I do not feel are entirely 
explainable as experimental error. Rate of development up 
to Stage 6 was slightly retarded by pruning. 
There were no significant interactions between varieties 
and kinetin treatments. There were, however, several sig­
nificant interactions between 3 (varieties) and D (top 
picking). Table 85 contains the means for these various treat­
ment combinations. The effect of top picking was not measure-
able in the rate of development until Stage ?, Hark was more 
responsive in this respect than Wayne, Picking apices de­
creased the length of time from Stage 6 to Stage ? in Hark 
which accounts for nearly the entire difference in time ob­
served within Hark zo Stage ?, Lays to harvest maturity and 
plant height gave significant interactions, Hark appears to 
be more responsive to top removal than Wayne. 
Figure % is a graphical presentation of the significant 
interactions for 3 x D when analyzing variables Y12-Y14. It 
can be seen that these factors' response for variables Y12 
and Yl4 was opposite within varieties, with Hark showing the 
most dramatic changes. 
Table 36 lists the means for a significant interaction 
combination for B (variety) x ? (root pruning) treatments. 
Hoot pruning at Stage 4 was most detrimental to yield. The 
Figure 3a. Relationship between variables Y12-Y14 
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Table 85. Mean values over all replicates. root pruning and 
kinetin treatments for varieties and top picking. 
Experiment III (I97O) 
Tops 
Variety 
Variable picked Wayne Hark 
Y4 no 88.8 79.3 
yes 88.2 76.7 
Y7 no 7.3 6.4 
yes 8.0 4.4 
YIO no 145.0 127.5 
yes 143.1 124.8 
Yll no 118.9 102.2 
yes 78.2 57.2 
Y12 no 2.7 2.5 
yes 1.8 1.1 
YI3 no 3101.5 3048.5 
yes 3190.9 2806.4 
Y14 no 18.9 15.9 
yes 18.7 17.0 
trend appears to be that the rate of development of Wayne 
soybeans is affected more than Hark by pruning. 
There were no significant C (kinetin) x D (tops) or 
D (tops) X F (root pruning) interactions for the variables 
listed in Table 77. 
Only one C (kinetin) x ? (root pruning) interaction was 
recorded and this is listed in Table 87. This interaction is 
especially interesting when considering that roots are 
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Table 86. Mean values over all replicates, kinetin and top 
picking treatments for varieties and root prunings, 
Experiment III (1970) 
Variety 
Variable Root pruning Wayne Hark 
Y3 None 79.8 72.6 
Stage 2 81.5 72.8 
Stage 4 81.2 72.2 
Y4 None 87.9 78.7 
Stage 2 88.4 77.6 
Stage 4 89.1 77.6 
YI3 None 3283.4 3032.3 
Stage 2 3132.7 3072.0 
Stage 4 3022.6 2677.0 
Table 8?. Mean values for seed size over all replicates, 
varieties and top picking treatments for kinetin 
and root pruning. Experiment III (1970) 
Kinetin 
Root pruning None Stage 3 Stage 8,5 
None 17.5 17.6 17.6 
Stage 2 18.0 17.6 17.8 
Stage 4 17.7 17.8 17.5 
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considered to be the major site of kinetin production in 
plants. 
Correlation coefficients 
Table 88 is the complete correlation matrix for variables 
Y1-Y14, as listed in Table 77. 
Random pairs of variable data obtained were correlated on 
each other in an attempt to ascertain existence of significant 
joint relationships between any given pair of measurements. 
A high degree of relationship was observed between variables 
Yl-YlO in nearly every case. An especially high degree of 
relationship was observed between variables Y1-Y5» Y8, Y9 and 
YIO. A definite negative relationship between the time from 
0^% flower to beginning pod stage (Yô) and all variables ex­
cept Yll, Y12 and Y15 was noticed. One hundred seed weight 
was strongly associated with all variables except those mea­
suring height, lodging and yield, although there was a rela­
tionship of relatively low magnitude between yield and 100-
seed weight. 
Figures Jo, 4- and 5 &re plots of the correlation measured 
between variables Yc and Yl4, YIO and Yl4 plus Y1 and Yl4o 
The relationship between early, midseason and total of rate 
of soybean development can be seen as related to seed size. 
In evaluating any values of this nature, the reader is reminded 
that an "r" value of .5 only indicates that 2^ % of the ob­
served variation is attributable to the variable under 
Table 88. Correlation coefficients over all varieties. 
Experiment III (1970) 
Y1 Y2 Y3 Y4 Y5 Y6 
Y1 1.00 
Y2 
.93* 1.00 
Y3 .90* .88* 1.00 
Y4 .89* .91* .89* 1.00 
Y5 .94* .94* .91* .92* 1.00 
Y6 
-.79* -.68* -.44* -.59* -.64* 1.00 
Y7 .40* .46* .23* .64* .43* -.41* 
Y8 .82* .85* . 68* .79* .92* -.73 
Y9 .71* .70* . 66* .51* .81* -.53* 
YIO 
.95* .96* .92* .93* .98* -.67* 
YLL .38* .39* .44* .47* .56* — ,16 
Y12 .27* .33* .35* .39* .45* -.10 
Y13 .27* .26* .30* .31* .34* -.13 
Y14 .84* .80* .78* .76* .82* —. 61* 
S^ignificant az the 1% level of probability. 
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investigation. Interpretation of *'r" values "below .6 to ,7 
must be done with great caution. It can be seen, however, 
upon investigation of Figures 3t>»  ^and 5 that the signifi­
cance of correlations in Table 88 are largely due to varietal 
differences. Wayne is naturally a larger seeded variety 
relative to Hark. Correlations with varieties was also per­
formed and are presented in Tables 89 and 90. 
A great deal of significance was lost with this addi­
tional procedure but at the same time more meaningful "r" 
values were obtained. As an example, special attention is 
called to Table 88 and the "r" value between Y? and Y9. This 
is an insignificant value when looking over varieties. Tables 
89 and 90 show this same value to be significant at the 
level. 
Table 89. Correlation coefficients for the variety Hark 
(1970) 
Y1 Y2 Y3 • Y4 Y5 Y6 
Y1 1.00 
Y2 .25 1.00 
Y3 .21 .08 1.00 
Y4 .15 .31 .34** 1.00 
Y5 — « 10 .19 .22 .18 1.00 
Y6 
— • 65 -.14 .61* .14 .25 1.00 
Y7 — « 02 .22 -.51* .64* -.01 -.37** 
Y8 
-.25 .06 -.75* -.18 .48* -.37** 
Y9 — • 20 -.17 -.17 
-.79* .45* .03 
YIO .10 .29 .16 .33** .53* .05 
YLL .05 .01 .23 .06 .70* .14 
Y12 —. 21 .01 .11 0 1 .63* .26 
YI3 -.31 -.15 -.42* -.29 -.23 -.07 
Y14 .00 .17 .13 .23 .10 
**Signlficant at the 5^  level of probability; *Slgnifi-
cant at the 1^  level of probability. 
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Y? Y8 Y9 YIO Yll Y12 Y13 Yl4 
1.00 
.4-5* 1.00 
—, 58* .46* 1.00 
.18 .22 .02 1.00 
-.13 .27 .37** .56* 1.00 
H
 1 
.33** .43* .56* .77* 
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Table 90. Correlation coefficients for the variety Wayne (1970) 
Y1 Y2 Y3 Y4 Y5 Y6 
Y1 1.00 
Y2 .17 1.00 
Y3 .04 —. 02 1.00 
Y4 .13 —. 26 .35** 0 0 H 
Y5 .12 .12 .20 .37 1.00 
Y6 
-.53* .11 .82* .20 .10 1.00 
Y7 .10 .28 
-.25 
00 
.26 -.28 
Y8 .09 .13 -.41 .15 .81* -.40** 
Y9 — .02 -.14 -.14 -.62* .50* -.11 
YIO -.24 .37** .29 .50* . 68* .10 
YLL 
—. 03 .07 .25 .56* .74* .23 
Y12 —. 02 .16 .23 .62* .73* .19 
Y13 .30 -.24 .37** .22 .18 .48* 
Y14 -.06 —. 30 —. 26 -.64* .57* -.19 
**Signiflcant at the level of probability; *Signifi 
cant at the 1.% level of probability. 
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Y? Y8 Y9 YIO Yll Y12 Y13 Yl4 
1.00 
39** 1.00 
55* .54* 1.00 
34** .46* .11 1.00 
42** 
.55* .11 . 66* 1.00 
49* .54* .04 .73* .94* 1.00 
01 -.04 — « 05 .12 .45* .34** 1.00 
50* 
-.37** .12 —. 62* -.70* -.72* —. 12 
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DISCUSSION 
Experiment I 
Yield, maturity, height and lodpcinp: 
Several investigators have indicated the relationship be­
tween supplemental nitrogen and growth response in soybeans. 
Small and Leonard (I969) and Gibson (I968) report redistribu­
tion of carbohydrates to the roots can be one mediating factor 
in this response. Erdman and Means (1952) and Hanway and 
Thompson (I967) established correlations between total dry 
matter yield and nitrogen recovery. Data reported by Norman 
(19^ 3) indicate no straw yield response to nitrogen. However, 
in later work by Norman and Krampitz (19^ 5) both root and top 
yield increases were measured. Yoshihara and Kawanshee (1956) 
and Alios (1956) simultaneously reported vegetative response to 
be at a maximum from early applied nitrogen. Weber (1966a) al­
so reported taller plants with no difference in maturity. In 
this study, the response of soybeans to quantity, stage and 
time of nitrogen application was studied. The effect of nitro­
gen upon lodging and height in I969 was not observed in 1970. 
This could be either a result of varietal change or residual 
nitrogen. I feel ir was a combination of both factors in 1970, 
since all plots lodged rather severely irregardless of N 
treatment. In general, lodging was most affected by TIBA-
2,4-D but both levels of total N applied and form affected 
final lodging scores. The fact that measureable statistical 
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differences in plant height are not associated with correspond­
ing differences in lodging indicates factors other than height 
are significant in lodging response of soybeans. (This rela­
tionship is presented in Figure 7.) Light penetration, sink 
development and subsequent yield response must be an indirect 
effect of lodging which certainly can be affecting yield. 
Reproductive structures (I969 and 1970) 
Mumeek (1937) established a relationship between the 
nitrogen status of soybeans and subsequent seed production. 
Thornton (1946), Lathwell and Evans (I95I)» Hawks (1957)» 
Ham (1967)» and Iwata and Utada (I968) all reported critical 
needs for nitrogen at blooming time. Pod development was 
affected by the availability of nitrogen, Hashimoto and 
Yamamoto (1970) showed nitrogen availability to be a critical 
factor on both nodulating and non-nodulating soybeans in this 
respect. It could be seen in Table 13 that nitrogen treatments 
had a significant effect upon flower and pod numbers. Low 
levels of and supplementary additions of TIBA-2,4—D 
were effective in keeping flower numbers up. In the case of 
(%E2p)2S0h., pod numbers -were also high. These observed phenomena 
were offset by ûhe fact that TI3A-2,4-D treated plants were 
shorter and perhaps not as capable of supporting both flowers 
and pods. The general trend is for most of the values to be 
greater than the control. 
Nitrogen increased flowers and pods early in the growth 
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and development of the soybeans. This suggests that perhaps 
reproductive development may be reduced due to limited nitro­
gen availability. The changes in flowers, pods and pods with 
beans, as presented in Table I5, summarizes the change in 
floral structure with time. These trends are as would be ex­
pected sequentially. Whereas flower number had begun to de­
cline during this period of time the rate of decline was not 
consistent over all treatments (Figure 8). The high NaNO^ -
TIBA-2,4-D treatment shows a very high flower count. Flower­
ing for this plot was slower to start (due to an observed 
stress due to 2,4-D change) but flowered more strongly at a 
later date. 
Nitrogen treatments applied at Stage 5 did not affect 
flowers, pod or pod with bean numbers. The date of counting 
was significant and the means are presented in Table 18 for 
discussion. Pod numbers were decreasing and pods with seeds 
were increasing at a normal rate, but not measureably affected 
by nitrogen treatments. 
Nitrogen application at Stage ? significantly affected 
pod development. In all cases the trend was for the nitrogen 
treated plots to be greater than the control (Table 20). This 
could be a function of nitrogen stress associated with a mois­
ture stress in August of 1969. Both treatments which included 
high levels of NaNO^  gave very high values. This would be 
expected of the TIBA-2,4-D treatment. Sigh levels of nitrate-
containing fertilizers resulted in higher values for pod 
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numbers. The high nitrate treatments reduced nodule numbers 
(which will be discussed later) indicating a possible sink 
competition between nodules and pods. Apparently there is some 
abortion of the pod containing seed at a later date as indi­
cated in Table 21, Pod loss at this late date is indicative 
of the abortion of reproductive structures over the majority 
of the filling period of soybeans (van Shaik and Probst, 1958)* 
Nitrogen did not affect the development of seed, pods or pods 
with seeds in 19?0. This is contrary to I969 findings and is 
most likely a function of environment, treatment, or varietal 
changes. (Soil tests were taken in 1970 on those plots re­
ceiving high levels of nitrogen as treatments in 1969 and 
found to not differ from control plots.) 
Even though Calland matured earlier in 1970 than Wayne in 
1969, the general patterns of reproductive development of each 
were similar. For Stage 5 treated material the only signifi­
cance obtained was associated with dates of sampling. The de­
crease in flowers and pods associated with an increase in pods 
with beans is as would be expected. When comparing Table 15 
with Table 24, the values for pods and pods with beans show a 
great deal of similarity in relative pod development. It is 
interesting to note, however, that Calland, in contrast to 
Wayne, is not experiencing significant pod abortion for the 
dates presented. This could be a function of environment or ge­
notype. The yield trends as reported in Tables 29 and 30 sug­
gest little yield response is gained by addition of supplemental 
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nitrogen to soybeans. A slight trend for benefit from early 
application is explainable on the basis of rapid growth and 
possible reduction in nodule efficiency due to moisture stress 
evasion during July stress periods. In Table 30 the control 
at Stage 7 yielded noticeably less. This could be explained 
on the basis of reduced lodging with the late treated plants 
being shorter, plus, human activity in plots for Stage ? 
application was minimal. This agrees with the initial ob­
servations of George (1971» private communication). 
Reproductive correlations (1969 and 1970) 
Correlation coefficients presented in Table 3I show 
definite relationships between given reproductive structures. 
In looking at coefficients for 1969, a negative relationship 
is observed between flower number and pods with seeds as well 
as pods and pods with seeds for the Stage 3 application. In­
dicating a decrease in flowers is associated with a corre­
sponding increase in pods with beanso It is rather interesting 
that a significant relationship between flowers and pods is 
not noticed for Stage 3. Flower and pod development differ­
ences were probably not measureable because of the dynamic 
state of each during the periods of measurement listed in 
Table 11. 
?or Stage 5 in 19^ 9 significant negative correlations were 
found between all variables. This is explainable by the shift 
in reproductive structures, from flowers through pods with 
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"beans. I feel that the differences observed were a function 
of the time of measurements more than the result of stage of 
nitrogen application for 19^ 9. 
Significant relationships in 1970 were found for flowers 
and pods with beans and pods on pods with beans. The latter 
correlation, however, was positive in 1970 while being nega­
tive in 1969. In comparing the two years it appears that 
pods can either decrease or increase as bean filling commences 
and still not affect yield. For Stage 5t correlations of 
flowers on pods and flowers on pods with beans were significant. 
Flower on pods was positively correlated in 1970 which is in 
contrast to I969 data. In 1970 increase in flowers was 
associated with an increase in pods over the dates measured 
in 1970 (Table 22). A correlation between pods and pods with 
beans at Stage 5 was conspicuously absent. The highest corre­
lation was a positive one for flowers on pods for Stage 7» By 
applying treatments at Stage 7 in 1970, a positive relation­
ship between pods and flowers was maintained. It can be seen 
by looking Tables 11 and 22 that the dates of sampling were 
similar for both years. 
Nodule and leaf data (I969) 
It should be pointed out that the values given for date 
8-6 are probably variable due to hot dry conditions existing 
in 1969 at this time (Table 91)* 
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Table 91» Control values over time for selected variables, 
Experiment I (I969 and 1970) 
1262 
Variable 7-24 8-8 8-22 9-5 
Y4 1.06 1.71 1.72 1.12 
Y6 68.39 84.72 94.41 79.11 
Y8 161.00 139.00 161.15 71.91 
Y9 4.87 4.40 4.75 5.14 
1970 
7-13 7-23 7-27 8-3 8-6 8-12 9-8 
Y4 .89 1.16 1.91 1,25 1.12 1.51 1.10 
Y6 94.00 88.49 130.12 91.83 69.61 107.42 69.89 
Y8 87.52 77.31 37.52 52.53 85.61 51.21 32.51 
Y9 5.60 5.00 4.80 5.20 5.10 5.11 2.82 
YIO 8.01 8.89 16.1 8.80 9.63 9.15 .57 
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Small and Leonard (I969) report a definite effect of com­
bined nitrogen upon photosynthate distribution between roots 
and nodules associated with a corresponding increase in root 
weight. The involvement of supplemental combined nitrogen on 
nodule development has been well established (Thimann, I936, 
1939; Nutman, 1956; Tanner and Anderson, 1964; Dart, 1970), 
Reduction in nodulation by combined nitrogen is well documented 
by Thornton (1946), Virtanen (1953)» Schreven (1959)» Dart 
(1965) and Weber (1966a and 1966b). The majority of the work 
reported was done either under artificial growth conditions 
or with nitrogen applied very early (close to or at planting 
time). It can be seen in Table 32 that nitrogen had no mea­
sured effect upon these variables designed to measure nodule 
numbers and mass (Dart, 1970; Mishra and Singh, I968). This 
is in direct contrast to the findings of Thornton (1946) and 
Weber (1966b). I do not feel this Is an indication of lack of 
overall treatment effectiveness since plant nitrogen percentage 
responded significantly to nitrogen treatments» The stage 
at which nitrogen was applied showed a significant effect 
upon nodule numbers. This is misleading as a main effect. 
Confounded with stage is the time at which counts were taken. 
In Table 2a, Materials and Methods, it can be seen that each 
stage was not sampled at the same number of days after or date 
after nitrogen treatment. Stage differences are most likely 
more a function of time than age of the plant, rather than a 
result of the stage at which a given treatment was imposed. 
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It is seen in Table 35 that the total quantity of nodules 
reaches a maximum at the Stage 5 application in both mass and 
numbers strongly indicating a peak of growth activity. How­
ever, numbers significantly decrease after Stage 5» while mass 
does not change significantly, indicating a continued nodule 
growth from Stage 5 to Stage ?• A sink was still being main­
tained. If supplemental nitrogen had effectively reduced,nodu-
lation, perhaps a yield response would have been measured. Or, 
as suggested by Gibson (I966) and Small and Leonard (I969), 
root development may have become an alternative sink for photo-
synthate. The interaction for nodule mass and total nodules is 
presented in Figure 9s.« This interaction is explainable on the 
basis of time when sampled. Date 1, Stage 5» and Date 2, Stage 
3 (Table 32b), for average nodule mass and total number of nod­
ules, were sampled on the same day and are not significantly 
different, indicating the difference is a function of time and 
not stage of nitrogen treatment. Nitrogen treatments did sig­
nificantly affect the nitrogen status of the soybean as seen in 
Table 33» In looking at the means presented in Table 36, it 
should be noticed that a nitrate containing fertilizer was most 
effective in increasing zhe nitrate content of the soybean leaf­
let measured. This would indicate an active uptake and subse­
quent transport of nitrate by soybean roots. All treatments ex­
cept the 100 kg/ha of NaNO^  showed higher levels of nitrate. 
Especially interesting is the very high level of nitrate ob­
served with TIEA-2,4-D treated material which gave a 50^  
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increase in nitrate content over the plant receiving NaNO^  
alone, the percent protein is also lowest for this TIBA-2,4-D 
treated plot» The TIBA-2,4-D may have suppressed nitrate re­
ductase which would account for the increase in nitrate content 
and corresponding decrease in percent Kjeldahl nitrogen. 
The net effect of zhe TIBA-2,4-D treated material can be 
seen in Table 38. Treatment at Stage 5 with TI3A-2,4-D was 
most effective at increasing the nitrate content of the leaf. 
The higher nitrate levels recorded when using NEz^ NO^  as an N 
source in Stage 3 is possibly explainable by the leaf damage 
noticed using NaNO^  as a nitrogen source. The decrease in 
nitrate and total nitrogen, recorded in Table 39» and the in­
teractions recorded in Table 40 are a function of mobilization 
of nitrogen out of the leaves. The logical explanation of this 
phenomena is mobilization to reproductive structures. It can 
be seen in Table 40, especially, that this is most noticeable 
at Date 2 for nearly all stages. At Stage ?» the hypothe­
sized mobilization Is even more pronounced. This is con­
sistent with the findings of Togari et al, (1955) and Murneek 
(1937) that nitrogen mobilization out of the leaves is active 
under reproductive conditions. This corresponds with 1970 
observations zo be presented and discussed. 
Correlations 1969 
The reader's attention is called to the following corre­
lations (Table 41): nodules picked on total nodule mass. 
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nodules picked on total nodule number, total nodule mass on 
average nodule size, total nodule mass on total nodule numbers 
and the ratio of percentage no^  divided by percentage n on 
ppm NO^ . The correlation of nodules picked on nodule mass 
could be expected to be large and positive since mass is a 
function of the total number of nodules picked. Failure to 
correlate to a greater degree is considered to be primarily a 
function of nodule sampling procedure. Total nodule mass cor­
related on average nodule size, while small, is indicative of 
nodule variability in both size and numbers since average nod­
ule size is a function of total nodule mass and total number 
picked. The number of nodules picked correlated on the total 
number of nodules per plant indicates that the number of nod­
ules picked was a function of the number of nodules present. 
This further indicates that an increase in average nodule size 
was associated with an increase in numbers picked since not all 
nodules were picked, (Very small nodules were not picked.) 
The positive correlation of the nitrate ratio (NO^  percentage 
as a percentage of the percentage total N) on ppm shows 
that as -che percentage increases a greater percent of the 
total n exists as a reasonable hypothesis could be that 
the nitrate reduction system becomes saturated at a rapid rate 
as nitrate is increased in plant leaves while total nitrogen 
remains relatively constant. 
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Nodule and leaf nitrogen data (1970) 
The F-values presented in Table 32 show significant date 
effects (where date is time of harvest after treatment) for 
the 1970 dates listed in Table 2a. For Stage 3 treated 
material (Table 49), total nodule numbers were still increas­
ing on the last date of sampling. The average mass had 
reached a peak at Date 2 and was decreasing in size after 
this time. The mass and total number of nodules per plant 
generally increased with time of the treatment at Stage 3 in 
1970 and 1969» Nodules are developing but they are not as 
large as on Date 2. Nodule numbers have increased at the 
expense of increases in size. These are interesting off­
setting phenomena. It would appear that new nodules are more 
effective sinks than already established nodules at early 
stages of plant development. This observation that supple­
mental nitrogen applied at Stage 3 is not decreasing nodule 
formation is not compatible with Thornton's (1946) observa­
tion of reduced noduiation with delayed nitrogen application, 
A more logical explanation may be found in the experiment 
reported by Alios and Bartholomew (1959)* They found that 
fixation increased with increased N application which they at­
tributed to a vegetative response by the plant. Dart and Wil-
don (1970) report that primary nodules are affected more than 
secondary nodules by delayed combined nitrogen additions. 
The leghemogiobin activity increased over all dates 
sampled in Stage 3 which is an indication of the presence of 
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healthy, nitrogen fixing nodules over all dates of sampling, 
Leghemoglobin concentration can be viewed as a measiire of the 
mass of active tissue per plant (Virtanen, 1953; Bergeson and 
Turner, I968; Nutman and Mosse, 1963; and Stewart, I966). The 
failure of nodule numbers to decrease with the addition of 
combined nitrogen is similar to findings in I969. 
It was assumed that the nitrate content of the fourth 
fully expanded leaf would be indicative of the general nitrate 
status of soybean leaves. With the reported negative effects 
of nitrate on nodulation (Thimann, 1936, 1939; Stewart, I966; 
Tanner and Anderson, 1964; and Dart and Wildon, 1970), nodule 
formation (Thornton, 19^ 6; and Dart and Wildon, 1970) and leg­
hemoglobin requirements for active nodules, it was assumed 
that total nodule number, NOo in ppm, percentage N and 
leghemoglobin activity were inseparably interrelated and 
do not act independently of each other. Figure 9t> 
is an attempt to show the related variation of these factors 
over these dates of sampling early in plant development. All 
variables increased over dates of sampling. As stated pre­
viously ûhe increase in leghemoglobin concentration associ­
ated with an increase in nitrate contenu, nodule numbers and 
total nitrogen percent is strongly suggestive of the fact 
that external nitrogen applied at Stage 3 is ineffective in 
reducing nodulation. It appears that in the early stages of 
development excess nitrogen is not inhibitory towards develop­
ment of an indicated nodule capacity. Nitrogen treatment at 
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Figure 9b. Experiment i. y6, Y8, YIO, Yll functional variation, Stage 5 (1970) 
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Stage 3 also affected the number of rotten nodules as well as 
the average nodule mass and content. A low level of 
caused a questionable increase in the number of 
rotten nodules. I think it is meaningful to compare the effect 
of nitrogen on the appearance of rotten nodules and the aver­
age nodule mass (Figure 9c), The implication here is that 
nitrate deterioration was more a function of age and size than 
nitrogen treatment. Also apparent in Table 50 is the lack of 
an increase in ppm NO^  for the TIBA-2,4-D containing treatment 
used in 1970» The plants did not show visible response to this 
treatment in 1970. While the ppm NO^  measurements were gen­
erally lower in 1970 the high N treatments were still most 
effective in increasing the ppm NO^ . In looking within the 
date X nitrogen interaction (Table 51)t it can be seen that 
for the low (NE^ ÏgSO^  level an increase in the average number 
of rotten nodules (Yl) is associated with a general increase 
in the number of nodules picked (Y3)* Competition with new 
nodule growth may be affecting the longevity of existing nod­
ules. Nodules do actively compete for photosynthate (Dart, 
1970; Gibson, I966), Dares were significant at Stage 5 for 
all factors measuring nodule numbers and mass (Table 52). 
Nodule numbers (Y6) were still increasing over time as in 
Stage 3* The total mass increased as the average nodule mass 
decreased, which is reflected in the increase in numbers. 
Nitrate and nitrogen differences were conspicuously absent. 
Dramatic changes in leghemoglobin activity per plant were 
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recorded. 
Figure 10 presents the change in little nodules, picked 
nodules, total nodule numbers and leghemoglobin activity over 
3 dates of harvest. Leghemoglobin activity and number of 
nodules increase over dates. This total activity is indica­
tive of general leghemoglobin increase as seen in Table 52 
for variable YIO. The total activity is not only an increase 
in nodule numbers, it is also a reflection of Increased leg­
hemoglobin in a given nodule sample. Leghemoglobin concen­
tration and general nodule development is being maintained as 
late as August 18. This is contrary to the unpublished data 
of Earn (1967). 
Leghemoglobin activity was high well into pod filling at 
Stage 7. Vlrtanen (1953), Hallsworth (1958), Maggee and Burris 
(19540 and Soponen and Virtanen (I968) all report reduction of 
fixation and Increased leghemoglobin ozidation during the peri­
od of bean development. These reports are the opposite of the 
finding of the data reported herein. Total nodule numbers, 
ppm and leghemoglobin activity were significantly affected 
by nitrogen levels when treated at Stage 3. At Stage 5» the 
TIBA-2,4-D treatment crested at a significant difference in 
ppm The relationship between total nodule numbers, NO^  
ppm, leghemoglobin concentration and leghemoglobin activity 
(Y6, Y8, YIO and Yll, respectively, in Table 53 on page 7I) 
is presented in Figure 11. Looking at the 100 and 300 kg/ha 
rates of (NHj^ )2S02^  and respectively, it can be seen 
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that total nodule numbers remains relatively constant but 
leghemoglobin activity is low at both low rates and high at 
both high rates indicating that whereas total nodule develop­
ment was enhanced by supplemental fertilization, the leghemo­
globin activity or potential active mass per nodule was de­
creased. Increased vegetative growth could provide for greater 
nodule growth but not necessarily in conjunction with activity, 
Leghemoglobin activity was especially low for the TIBA-2,4-D 
treated plants which had the highest NO^  content per plant. 
Nodules would appear to be more sensitive to increased NO^  
levels at Stage 5 than Stage 3» 
The significant date x level interaction for Stage 5 Is 
presented in Table 5^ . The very high level of leghemoglobin 
activity on a plant basis for Date 3 and the high levels of 
both forms of nitrogen further indicates a possible beneficial 
aspect of nitrogen applied at Stage 5* This possible benefi­
cial effect could be reflected in the form of future nodule 
development. Little effect is observed relative to leghemo­
globin activity for Date 1 and Date 2 in Stage 5 treated 
material, while Date 3 displays dramatic variation, both from 
the norm and Dates 1 and 2. Development of nodules at a later 
date may be a function of nitrogen stimulated vegetative growth. 
This would support development of secondary nodules as re­
ported by Dart and Wildon (1970). Back et al. (1958), Gibson 
(1966), and Small and Leonard (I969) all implicate nodules as 
competitors for plant phytosynthate. So it is conceivable 
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that an initial application of nitrogen can reduce nodule 
development (Virtanen, 1953; Eallsworth, 1958; Maggee and 
Burris, 195^ ; Roponen and Virtanen, I968), and at the same time 
stimulate vegetative growth to the point where once nodule 
development is no longer inhibited, the increased vegetative 
growth would preferentially enhance nodule development. 
was, however, the most beneficial treatment in terms of 
increasing total plant activity which is a function of both 
nodule numbers and O.D. activity per gram of fresh weight. 
Dates were all significant for Stage 7 treated material. 
This was, no doubt, a result of plant maturity. Nitrogen 
treatments did not affect nodule numbers or mass when applied 
at Stage 7. The measurements relating to leghemoglobin deter­
minations were unaffected as well. Variable Y? which is a 
ratio nitrate ppm to total nitrogen is lowest at Date 2 for 
these values which were highest at Date 1. The same observa­
tion is relatively true for ppm nitrate. For some reason, 
these plants in question were more effective in removing NO^  
from the leaves during early September. Murneek (1937) in 
his classical study of soybeans reports a similar decrease in 
the nitrate percentage of leaves associated with rapid bean 
development. Hawks (195?) and Lathwell and Evans (1951) report 
that beans simply do not accumulate enough nitrogen to maximize 
yields. Togari et al. (1955) actually document the role of 
leaves in the accumulation of nitrogen for plant use during 
pod filling. 
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Correlation coefficients (1970) 
Nodule development for the period represented in Stage 3 
treated material is different in some very important aspects. 
The number of little nodules correlated on picked nodules (Y7 
on Y3) and the number of little nodules correlated on nodule 
mass are negative in Stage 3 while positive in Stage 5» This 
is interpreted as normal nodule development in that little 
nodules are developing into large nodules very early in plant 
development. Total nodules are positively correlated with 
nodule mass whereas NO^  ppm is negatively correlated with total 
nodule numbers in Stage 5 sampled material. Internal plant 
NO^  is associated with a reduction in nodule formation. Nod­
ule numbers and mass correlated on leghemoglobin activity were 
positively significant in both Stage 3 and Stage 5 materials. 
Other than the relationship mentioned, correlations in Stage 3 
are similar to those observed in Stage 5* 
Stage 3 correlations (Table 57) for all variables in Table 
42 indicate a great number of significant relationships between 
all variables. The positive "r" values for little nodules 
correlated on the total number of nodules picked, nodules 
picked correlated on the total number of nodules and the 
number of nodules picked on nodule mass show that the number 
picked is a function of the total mass which is to be expected. 
It appears that during this period of time new nodules are 
developing and older ones are growing. 
In looking objectively at other "r" values in Table 57» 
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it can be seen that the nitrogen status of the soybean is 
affected by external sources of nitrogen and that the numbers 
and activity of nodules is in a dynamic state at this paricu-
lar sampling period. (Stage 5 treatments sampled on 7-27, 
8-6 and 8-18, 1970.) 
For Stage 7 (Table 59)» total N was again positively 
associated with an increase in the number of nodules picked 
and nodule mass. The relationships previously mentioned still 
held for Stage 7 material, even though the plant is approach­
ing maturity. The significant correlation of total nitrogen 
on leghemoglobin concentration in Stage 7 is explainable by 
the fact that leghemoglobin content and nodule activity is 
dependent upon a supply of photosynthate. This can only be 
supplied by a leaf which is active. This leaf would have a 
high total N content. This observation is especially signifi­
cant in terms of substantiating the presence of active nodules 
during late bean filling which are still dependent on a limited 
plant photosynthate supply. 
Experiment II 
Light experiment (1970) 
That soybeans respond to differing night lengths has been 
well established by Gamer and Allard (1930) and Parker and 
Borthwick (1939). Nagata (1952) further reports that not only 
is the night length during induction important but the dark 
period after induction is equally important in determining 
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the length of the filling period once flower expression com­
mences, Indications are that even nodule development is 
phytochrome dependent (Sironval, 1958; Sironval et al., 1957: 
Lie, 1969). This supplemental experiment was conducted pri­
marily because field data of this nature is not readily avail­
able in the literature and in hopes that if plant size is 
directly related to seed development and reduced abortion that 
an increase in yield would be measured. Light treatments sig­
nificantly altered all variables except yield. I feel it was 
because of the extensive degree of lodging and associated 
added problems of harvesting that statistical significance 
was not obtained for yield. In Table 64, it was seen that the 
trend is for a yield increase as the light intensity decreased. 
This would possibly be due to reduction in flower development 
due to a reduction in variable Y6 (3»5-6). 
3y dividing yield by days from Stages 7-10, "che rate of 
filling per day over light treatments is obtained. I cannot 
explain this phenomenon on the basis of data obtained. These 
results are presented In Table 92, The rate of filling was 
greatest for the 6-3 f.c. treated plots. The effect of lights 
on all variables is presented in Table 64. General plant 
development up to and including Stage 10 was delayed by in­
creasing light intensity. The number of days from 50^  bloom 
until rapid pod formation was low for the highest light in­
tensity, Once the plants in Tier 1 were photo induced they 
flowered very rapidly and remained in the pod development stage 
14-7 
Table 92. Hate of filling over all replicates, variety and 
nitrogen level for each light treatment. Experiment 
• II 
Light in foot candles 
1 2 3 4 
Variable (foot candles) 25-6 6-3 4-2 2-1 
Y9 (7-10) 40.3 29.0 40.8 40.7 
Y12 (grams/plot) 2772.4 2842.0 2875.3 3010.0 
Y12 Y9 (grams/day) 68.8 94.5 70.4 73.9 
Relative rates of g/day 100 137 102 107 
for a longer period of time than pleats in Tiers 3 and 4 which 
were essentially photo Induced at an earlier date. It would 
be interesting to see if there is a definite relationship 
between pod numbers and the time when bean filling actively 
begins» The relationship between the days from Stage 3*5-6 and 
days from Stage 6-7 over light treatments is suggestive of such 
a relationship. This implication would be in support of an 
active sink mechanism. The total time interval between Stage 
3»5 and Stage ? is very similar; however, where the time from 
Stage 3«5-6 is low the period in pod setting is proportionately 
higher and vice versa. The non-photo-induced plants flowered 
much more rapidly than induced plants. Even though this 
apparent imbalance is quite obvious all plants did not begin 
bean filling at a relatively constant number of days after 
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flowering. An apparent effect of photoperiod after induction 
can be seen in this relationship. Nagata (1952) and Johnson 
et al, (i960) report photoperiod effects upon soybean develop­
ment after induction to flower. 
Correlation 
The correlation between the time from Stage 0-3«5 on the 
time between Stage 3*5-6 is -.84. The more delayed the period 
from emergence to flowering the less the time interval from 
flowering to the beginning of pod filling. This is indicative 
of a very strong photoperiodic response which can be variable 
in effectiveness and/or completeness. 
When correlated on height or lodging the time between 
Stages 3*5-6 gives an interesting negative relationship. This 
is interpreted as meaning that the shorter the time interval 
between Stages 3•5-6» the taller the plant. Positive correla­
tions of the time between Stages 3•5-6 on height and lodging 
are also recorded. The time interval from Stage 0-3.5 corre­
lated on the days from Stage 3*5-6 has an "r" value of -.84. 
A very high degree of association exists between vegetative 
development and flowering time intervals. The problem lies 
in deciding the relative degree to which either item affects 
plant height. 
These increases in height as a result of preventing 
floral induction have been reported by Johnson et al. (I96O), 
van Shaik and Probst (1958) and Borthwick et al. (1950)* 
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Seeds were also generally smaller at the higher light 
intensity treatment indicating more seed set when associated 
with no yield increase. 
In looking at Table 65» it can be seen that varieties 
did differ quite extensively for all variables measured. 
(This is over all light treatments.) Bays between Stages 6-7 
is interesting to observe over varieties. Calland and Hark, 
both established high yielders, are the same as Harosoy Dt2 
relative to the time spent between Stages 6-7, A determinate 
would be expected to respond this way. Calland and Hark 
apparently were acting very determinate at this time. 
Nitrogen treatments were effective in altering certain 
variables. Days between Stages 3»5 to 6 was effectively de­
layed by applying nitrogen. The flowering period was extended 
but when looking at the number of days between Stages 7-10» 
one can see that the filling period was reduced the same 
amount. In this respect, I feel nitrogen probably led to yield 
reduction directly and not through any effect on height or 
lodging. 
In looking at certain varietal by nitrogen interactions 
in Table 67» iT is noticed that Harosoy treated with nitrogen 
did Txoz begin filling pods as soon as the untreated plants. 
The time spent filling (Y9) was also significantly reduced, 
Harosoy also responded most in height (YIO) from N treatments 
and lodged (Yll) the most. Lodging perhaps affects develop­
ment, hence yield, more directly through internal changes. 
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than merely increased loss "because of harvesting problems. 
The significant light by variety interactions in Table 70 
certainly show different photoperiodic responses to dark 
period interruption. The time from Stage 0-3»5 for 25-6 and 
6-4 f.c. treatments gave similar response for Calland but 
(juite different responses are noticed with the remaining 
varieties. This same general effect can be seen for the time 
from Stage 0-5. The time from Stage 7-10 is especially in­
teresting because of the apparent specificity of some thresh-
hold level of light on the time interval in soybeans between 
Stages 7 and 10. For all varieties except Calland a reduc­
tion in this period is noticed but at the same time a very 
high rate of dry matter acciimuiation was reported in Table 70. 
Harosoy was especially sensitive in this respect. 
Seed size a numbers and develo-saental -periods 
An obvious photoperiodic response is evident for all 
variables as reported in Table 69, A definite trend for seed 
size to increase is observed at decreased light intensities 
(Tier 1-4), 
While actual counts were not taken, the general observa­
tion was that the last plants to be photo induced flowered 
more profusely. Especially noticeable was the higher numbers 
of pods per raceme. The soybean was apparently capable of 
compensating for a reduced flowering period by increased seed 
set. 
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As mentioned previously, the overall observed trend was 
for yield to increase as photoperiod decreases (Tier 1-4). 
Harosoy and Harosoy Dtg responded exactly opposite of each 
other for yield as seen in Table 69» 
In the Tier 1 treatment, all variables were essentially 
the same for Harosoy and Harosoy Dt2» ezcept yield. In fact, 
major differences other than yield do not occur until Tier 3 
and Tier 4 where photo induction was observed sooner. Harosoy 
determinate did best when made more determinate "by delaying 
flowering with lights, while Harosoy Dt2 did best as a de­
terminate e 
In Table 76, it is seen that straw weight essentially did 
not differ between Harosoy and Harosoy Dtg. Under a given set 
of conditions (Tier 4), the determinate was more efficient 
at seed filling. At the same time, Harosoy, when made more 
determinate-like, became more efficient at seed filling as 
measured in terms of yield of beans per plot. This supports 
the concept of determinate plants being, "ideally", correct 
for maximizing yield in relation to carbohydrate partition. 
The determinate trait, either artificially imposed or 
genetically incorporated, was desirable, 
A discussion of the percentage of a total life cycle 
consumed by a given stage of development and certain bean 
filling rates as these are altered by differing photoperiodic 
treatments is in order (Table 70), 
It is obvious from the data presented that the period of 
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time least variable as a function of total development was the 
period of time from Stage 0-6, Next in order of stability 
was the period of time from Stage 7-10. Most variable is the 
transition time from flower cessation to rapid bean filling 
which is essentially the period of rapid pod formation. These 
findings essentially are compatible with the observations 
of Johnson et al, (i960). 
It is interesting to compare these observed differences 
to similar calculations for the variety Hark from adjacent 
plots. The general proportion of time from flowering to pod 
set is essentially the same. An alternation of time spent in 
flowering can be observed, I feel this shows that floral 
development is not only a function of initial Induction, but 
photoperiod following induction as well. The lower values in 
Tier 1, for yield divided by the days from Stage 0-10, 
Table 70, are most possibly a function of using a late season 
variety, 
Calland was the only variety which received frost damage 
but it had approached physiological maturity before the first 
killing frost. Filling rates were equivalent, except for a 
very low rate observed in Calland for Tier 3» Harosoy Dt2, 
Tier 1, and the very high rate of Hark in Tier 4, In Tier 4, 
where Hark filled at such a rapid rate, a large amount of 
time, as a function of the total, was spent in 3*5-6, Hark 
flowered for the longest period of time for any variety. 
This appears to be a normal response (Table 71). 
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An Idea of how seed members varied with treatments would 
be helpful in describing soybean response to photoperiodic 
modification whether it be mechanical or date of planting. 
The ratios in Table 70 (see Table 71 comparative data using 
Hark) show wide variations from the controls, yet average 
yields in the light treated plants outyielded the controls. 
The ratio of seeds per plot to days between Stage 3«5-6 is 
very interesting. This ratio shows, rather conclusively, 
that pod set was very rapid and that at least as many flowers 
were set in the most severely delayed plants (Tier 1) as the 
least delayed plants (Tier 4). The warmer temperature and 
increased plant size had the advantageous effect of accentuat­
ing the flowering mechanism to mediate a quantitative flowering 
effect. 
Nodes, T30G height and sôraw weight 
Measurements also were obtained as presented in Tables 
74 and 75* The purpose of this data was to compare two dif­
ferent light levels on some rather basic developmental aspects 
of the soybeans. The higher light intensity reduced the num­
ber of nodes for ail varieties except Calland. The number of 
leaves after "lights out", varied with the light treatment in 
most cases. Harosoy expressed the same number of leaves after 
"lights out" no matter what the previous light treatment. 
Harosoy Dt^ responded very different from the other varieties. 
It became determinate very rapidly after "lights out". Straw 
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differences were also quite large between light treatments 
which is reflective of the vegetative response to dark period 
interruption. 
Experiment III 
Removal of the shoot apex (Greer and Anderson, 19^5) aad 
root pruning (Russell, 19?0) have been suggested as possible 
yield promoting treatments. It is conceivable that both of 
these treatments could effectively alter dry matter distribu­
tion -Kiôhin a given plant population* and result in varying 
yield responses. Delay in senescence (Leopold, 1964; and 
lordanov, I969) by exogenous kinetin applications has been 
documented. This is not always the case as reported by 
Kulaeva (I962). Jacoby and Dagan (1970) refute Kulaeva's 
1962 work. They report LAI x day increases obtained by sup­
plemental kinetin additions. 
Varieties responded significantly to all treatments 
listed in Table ?? with zhe means (over varieties) given in 
Table 61. In looking at ûhe "cime interval between Stages 
3.5-6 and 6-7, it is seen that Wayne flowered and set pods 
for a shorter period of time "Dhan Eark, but yielded signifi­
cantly mors, presumably due to the increased filling period. 
Seed size also was larger in Wayne. The net effect in Wayne, 
however» was for seed size and number oO both be greater. 
The difference in seed numbers was 1000. One thousand Wayne 
seeds weighed 188 grams and by adding this to the average 
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plot yield, the varietal difference is accounted for. 
Application of kinetln at Stage 2.5 was effective in re­
ducing plant height as seen in Table 82. This is an indication 
of vegetative inhibition and reproductive enhancement due to 
a redistribution of photosynthate. The net effect of shoot 
apices removal was acceleration of development and maturity 
with little change of the time between Stages 7 and 10. Boot 
pruning affected many variables as seen in Table 84. Pruning 
at Stage 4 reduced plant height, lodging and yield. The re­
duction in yield was no doubt due to the fact that pruning was 
coincident with very hot dry weather. Irrigation commenced 
within 48 hours after pruning, however* 
In Table 85» iû is readily observed that there were sig­
nificant variety x shoot apices removal interactions. Days 
from planting to Stage 7 was not measureably affected in 
Wayne soybeans by top removal. Through closer observation of 
the time interval from Stages 0-7 and Stages 6-7 simultane­
ously it can be seen thai; this difference between the time 
is accounted for almost entirely by the reduction in time 
between Stages 6 and 7« This is carried on through maturity 
in Hark, wayne showed positive yield response to shoot re­
moval while Hark responded negatively. This could be explained 
on the basis of "sink" size. In Wayne, seed size decreased 
while yield Increased indicating an increase in seed numbers 
resulted from apices removal in Wayne, whereas the opposite 
was true in Hark, Shoot apices removal enhanced seed set in 
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M&yne, 
As for varietal response to root pruning, it appears 
that Wayne was less sensitive than Hark. The plant with the 
largest root system should be less easily stressed by root 
pmaiing, all other conditions being equal. Wayne does de­
velop a large root system early (Mitchell and Russell, 
unpublished data, 1963). 
Correlation Experiment III 
In observing the correlation coefficients for each in­
dividual variety over all treatments, not all significant 
values will be discussed. Only values in excess of .6 for 
at least one value will be presented* It can be seen that 
the correlation of the time between Stage Or3«>5 and. Stage 
3.5-6 on each other are significant and negative. The 
greater the time from Stage 0-3.5» the less time between 
Stages 3*5-6 was observed. The time from Stage 0-6 corre­
lated on yield is significant. In Wayne, the greater the 
time interval from planting to Stage 6, the greater the yield. 
In Hark, the opposite was true, 
Maturity correlated on height is positive in both cases, 
indicating zh&z the plan-s acted as normal indeterminate types, 
getting taller simultaneously with seed filling. (Die corre­
lation of time between Stage 3*5-6 on Stage 6-10 is negative. 
It appears that by increasing the time span from Stage 3*5-6, 
the span from Stage 6-10 was decreased, which is reflected 
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mainly in the difference recorded for the Stage 6-7 interval. 
Further implications here are that either a plant flowers or 
fills over a given period of time, "but not both. A decrease 
in the flowering period leads to an increase in filling time. 
Seed number and size apparently is flexible enough to enable 
the sink to either be an increase in size (per seed) or num­
bers, This is an interesting compensatory mechanism which 
must be tied in with photosynthetic rate regulation as well. 
The factor most limiting yield in this respect then is 
this negative relationship between Stages 3*5-6 and 6-10, 
The time interval for Stage 3,5-6 must be increased without 
reducing the time between Stage 6-10, In Wayne, the time in 
Stage 3.5-6 is correlated with yield while in Hark it is not. 
Perhaps the higher yield in Wayne results from the increased 
flowering period in association with the time from Stage 7-10. 
The correlation of the number of days between Stage 6-7 on 
the number of days between Stage 7-10 is negative for both 
varieties. 3y accelerating the transition from Stage 6-7, 
an increase in filling period is gained, which should be 
advantageous -cowards increasing yields. 
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SUMMARY 
In 1969 and 1970, soybeans were tested in terms of their 
response to nitrogen levels,, forms and time of application. 
Also, in 1970 the effects of delayed photo induction, root 
pruning, shoot apices removal and benzyl adenine on plant 
development were measured. In the nitrogen study, vegetative 
responses to nitrogen application were observed in I969 but 
not in 1970. Delayed application of nitrogen did not lead 
to increases in yields in I969 or 1970. The leaf nitrogen 
and nitrate percentages were significantly increased in both 
years. The lack of response in yield indicated that nitrogen 
availability during the time from flowering to rapid bean 
filling was not a limiting factor. 
A reduction in the nitrate content in leaves In late 
August was observed in I969 and I97O indicating the leaves 
serve as a source of nitrogen for bean filling at a time 
when the greatest demand is being placed on the symbiotic 
system. 
The quantity of active nodule tissue, as indicated by 
the concentration of leghemoglobin, was high during late 
August and positively correlated with leaf nitrogen at this 
time. Association of high leaf nitrogen with leghemoglobin 
activity was significant in late July and early August but 
to a lesser degree than late August. 
Total nodule mass increase during July and August was 
loO 
shown to be due to an increase in nodule size rather than num­
bers. It is assumed that fixation was occurring and function­
ing as a competitive sink for carbohydrates during late August. 
Reducing this sink with nitrogen fertilization did not increase 
yields, however. This would indicate that nitrogen fixation 
and/or nitrate reduction in the field have similar energy 
requirements. 
TIBA-2,4-D treatments in I969 caused 100^ increases in the 
percentage over the next highest treatments. The fact that 
high ppm was associated with lower total N indicates possi­
ble nitrate-reductase inhibition. 
Floral development was enhanced, in general, by supple­
mental nitrogen. Pod numbers were increased over the control 
under most conditions. Application of nitrogen at Stage 7 de­
creased pod loss after thar time. Observed changes in floral 
development were not associated with yield increases, however. 
Artifically delayed photo induction had a major effect up­
on plant development in the alteration of the distribution of 
the time spent in Stages 3*5-6 or Stages 6-7. After release of 
the flowering inhibition, plants flowered very profusely and 
rapidly from top to bottom and as a net result the time span in 
Stages 3»5-6 and Stages 6-7 was reduced in total days and as a 
percentage of the total maturity period for a given variety. 
Racemes with 12-14 flowers were not uncommon at this time. 
Using a long day, the variability due to differing photo­
periodic light intensities, when expressed as a percentage 
l6l 
of days to maturity, was least for Stages 0-3*5» inter­
mediate for Stages 7-10 and greatest for Stages 3*5-7» 
In general, varieties displayed rather characteristic 
responses to different day lengths which were consistent 
across light treatments. 
Especially interesting was the rather specific response 
of all varieties to an illumination of 6 to 4 foot candles. 
This shortened the time between Stages 7-10 by about y^% 
over all treatments. 
Root pruning at Stage 4- was found to be effective in 
reducing plant height with Wayne being affected less than 
Hark. Pruning at Stage 4 also reduced yield. Shoot apices 
removal at Stage 4,7-5 did not result in yield reductions 
with Wayne but decreased yield of Hark. Kinetin spraying 
at Stage 2.5 shortened final plant height. 
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